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BINDING ACCELERATION TECHNIQUES FOR THE DETECTION OF ANALYTES 



This application is a continuing application of U.S.S.N.s 09/134,058. filed August 14, 1998 and 
60/090,389, filed June 23, 1998. 

5 

FIELD OF THE INVENTION 

The invention relates to compositions and nnethods useful in the acceleration of binding of target 
analytes to capture ligands on surfaces. Detection proceeds through the use of an electron transfer 
10 moiety (ETM) that is associated with the target analyte, either directly or indirectly, to allow electronic 
detection of the ETM. 



BACKGROUND OF THE INVENTION 



1 5 There are a number of assays and sensors for the detection of the presence and/or concentration of 
specific substances in fluids and gases. Many of these rely on specific ligand/antiligand reactions as 
the mechanism of detection. That is, pairs of substances (i.e. the binding pairs or ligand/antiligands) 
are known to bind to each other, while binding little or not at ail to other substances. This has been the 
focus of a number of techniques that utilize these binding pairs for the detection of the complexes. 

20 These generally are done by labelling one component of the complex in some way, so as to make the 
entire complex detectable, using, for example, radioisotopes, fluoroscent and other optically active 
molecules, enzymes, etc. 



Other assays rely on electronic signals for detection. Of particular interest are biosensors. At least 
25 two types of biosensors are known; enzyme-based or metabolic biosensors and binding or bioaffinity 
sensors. See for example U.S. Patent No. 4,713,347; 5,192,507; 4,920,047; 3,873.267; and 
references disclosed therein. While some of these known sensors use alternating current (AC) 
techniques, these techniques are generally limited to the detection of differences in bulk (or dielectric) 
impedance. 
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The use of electrophoresis in microfluidic methods to facilitate the binding of biological molecules to 
their binding partners for subsequent detection is known; see for example U.S. Pat nt Nos. 5,605.662 
and 5,632,957, and r ferences disclosed therein. 

5 Similarly, electronic detection of nucleic acids using electrodes is also known; see for example U.S. 
Patent Nos. 5.591.578; 5,824.473; 5.705.348; 5.780,234 and 5.770.369; U.S.S.N. 08/911.589; and 
WO 98/20162; PCT/US98/12430; PCT/US98/12082; PCT/US99/10104; PCT/US99/01705. and 
PCT/US99/01703. 

10 One of the significant hurdles in biosensor applications is the rate at which the target analyte binds to 
the surface for detection and the affinity for the surface. There are a number of techniques that have 
been developed in nucleic acid applications to either accelerate the rate of binding, or to concentrate 
the sample at the detection surface. These include precipitation of nucleic acids (see EP 0 229 442 
A1 . including the addition of detergents (see Pontius et aL, PNAS USA 88:8237 (1991 )); partitioning of 

15 nucleic acids in liquid two phase systems (see Albertsson et al.. Biochimica et Biophysica Acta 103:1- 
12 (1965), Kohne et al., Biochem. 16(24):5329 (1977). and MQIIer, Partitioning of Nucleic Acids, Ch. 7 
in Partitioning in Aqueous Two-Phase Systems. Academic Press, 1985)), as well as partitioning in the 
presence of macroligands (see Moiler et al., Anal. Biochem. 118:269 (1981)); and the addition of 
nucleic acid binding proteins (see Pontius et a!., PNAS USA 87:8403 (1990) and U.S. Patent No. 

20 5,015,569). all of which are expressly incorporated by reference. In addition, partitioning systems for 
some proteins have also been developed, see Gineitis et al., Anal. Biochem. 139:400 (1984), also 
incorporated by reference. 

However, there is a need for a system that combines acceleration of binding of target analytes, 
25 including nucleic acids, to a detection electrode for subsequent electronic detection. 

SUMMARY OF THE INVENTION 

In accordance with the objects outlined above, the present invention provides methods of detecting a 
30 target analyte in a sample. The methods comprise concentrating the target analyte in a detection 

chamber comprising a detection electrode comprising a covalently attached capture ligand. The target 
analyte is bound to the capture ligand to form an assay complex comprising at least one electron 
transfer moiety (ETM). The presence of the ETM is then detected using the detection electrode. 

35 in a further aspect, the concentration step comprises placing the sample in an electric field between at 
least a first electrode and at least a second electrode sufficient to cause electrophoretic transport of 
the sample to the detection electrode. 
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In an additional asp ct, the concentration step comprises including at least one volum exclusion 
agent in the detection chamber 

In a further aspect, the concentration step comprises comprises precipitating the target analyte. 

In an additional aspect, the concentration step comprises including at least two reagents that form two 
separable solution phases, such that the target analyte concentrates in one of the phases. 

In a further aspect, the concentration step comprises binding the target analyte to a shuttle particle. 

In an additional aspect, the invention provides methods of detdcting target analytes comprising flowing 
the sample past a detection electrode comprising a covalently attached capture ligand under 
conditions that result in the formation of an assay complex. As above, the assay complex further 
comprises at least one electron transfer moiety (ETM), and the presence of the ETM is detected using 
said detection electrode. 

In a further aspect, the methods are for the detection of target nucleic acids and include the use of 
hybridization accelerators. The assay complex is formed in the presence of a hybridization 
accelerator, that may be a nucleic acid binding protein or a polyvalent ion. 

In an additional aspect, the Invention provides methods of detecting a target analyte in a sample 
comprising adding the sample to a detection electrode comprising a covalently attached capture ligand 
under conditions that result in the formation of an assay complex. The conditions include the 
presence of mixing particles. 

In a further aspect, the Invention provides substrates comprising a plurality of gold electrodes. Each 
gold electrode comprises a self-assembled monolayer, a capture ligand. and an interconnect such that 
each electrode is independently addressable. Preferred substrates include printed circuit board 
materials such as fiberglass. 

In an additional aspect, the invention provides methods of making a substrate comprising a plurality of 
gold electrodes- The methods comprise coating an adhesion metal onto a fiberglass substrate, and 
coating gold onto the adhesion metal. A pattern is then formed using lithography, and the pattern 
comprises the plurality of electrodes and associated interconnects. The methods optionally include 
adding a self-assembled monolayer (SAM) to each electrode. 
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In an additional aspect, the invention provides methods of making a substrat comprising a plurality of 
gold electrodes. Th methods comprise coating an adhesion metal onto a substrate, and coating gold 
onto the adhesion metal. A pattem is then formed using lithography, and the pattern comprises the 
plurality of electrodes and associated interconnects. The methods further include adding a self- 
5 assembled monolayer (SAM) to each electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A, 1B, 1C. 1D, 1E and 1F depict several representative configurations of the use of two sets 
10 of electrodes, an electrophoresis set and a detection set. in Figures 1 A and 18, a substrate 30 has a 
first electrophoresis electrode 10 with detection electrodes 20 either on top or embedded in but 
electrically isolated from the electrophoresis electrode. There is a sample receiving area 40 as well. 
The counter electrode for the electrophoresis and detection electrodes are not shown. Figure 10 
represents a side view of Figure 1 A, with the addition of the counter electrophoresis electrode 50 and 
15 optionally the counter detection electrode 60. A permeation layer 25 is also shown. As will be 

appreciated by those in the art. these counter electrodes may be the same electrode, if they are used 
sequentially. Figures 1D, IE and 1F depicts the use of individual electrophoresis electrodes. Figure 
1 E is a side view of 1 D. Figure 1 F shows the configuration for sequentially moving a sample from one 
detection electrode to another, as is more fully described below. 

20 

Figure 2 depicts the use of multidimensional arrays of electrophoresis electrodes for both spatial 
targeting of the sample as well as "mixing*" to increase binding kinetics. Figure 2A shows 
electrophoresis electrodes 10 and detection electrodes 20. Electrophoresis voltage applied as 
between electrophoretic electrodes 10 and 15 and, at the same time, electrophoretic electrodes 12 
25 and 17, can drive the target analyte to detector electrode 20. 

Figures 3A, SB and 30 depict three prefenred embodiments for attaching a target sequence to the 
electrode. Figure 3A depicts a target sequence 120 hybridized to a capture probe 100 linked via a 
attachment linker 106, which as outlined herein may be either a conductive oligomer or an Insulator. 

30 The electrode 105 comprises a monolayer of passivation agent 107, which can comprise conductive 
oligomers (herein depicted as 108) and/or Insulators (herein depicted as 109). As for all the 
embodiments depicted in the figures, n is an integer of at least 1 , although as will be appreciated by 
those in the art. the system may not utilize a capture probe at all (i.e. n is zero), although this is 
generally not prefenred. The upper limit of n will depend on the length of the target sequence and the 

35 required sensitivity. Figure 36 depicts the use of a single capture extender probe 110 with a first 

portion 111 that will hybridize to a first portion of the target sequence 120 and a second portion that 
will hybridize to the capture probe lOO: Figure 30 depicts the use of two capture extender probes 110 
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and 130. The first capture extender probe 110 has a first portion 111 that will hybridize to a first 
portion of the targ t sequence 120 and a second portion 112 that will hybridize to a first portion 102 of 
the capture probe 100. The second capture extender probe 130 has a first portion 132 that will 
hybridize to a second portion of the target s quence 120 and a second portion 131 that will hybridize 
5 to a second portion 101 of the capture probe 100. As will be appreciated by those in the art, any of 
these attachment configurations may be used with the embodiments of Figures 4. 5 and 6. 

Figures 4A, 4B. 4C and 4D depict several possible mechanism-1 systems. Figures 4A, 4B and AC 
depict several possible nucleic acid systems. In Figure 4A, a detection probe 140 (which also serves 

10 as a capture probe) is attached to electrode 105 via a conductive oligomer 108. The electrode 105 
further comprises a monolayer of passivation agents 107. The target sequence 120 hybridizes to the 
detection probe 140, and an ETM 135 is attached (either covalentiy to one or other of the target 
sequence or the detection probe or noncovalently. i.e. as a hybridization indicator). In Figure 4B, a 
Figure 3A attachment to the electrode is used, with a capture probe 100 attached to the electrode 105 

15 using an attachment linker 106, which can be either an insulator or a conductive oligomer. The target 
sequence 120 is hybridized to the capture probe, and a label probe 145, comprising a first portion 141 
that hybridizes to a portion of the target sequence 105 and a recruitment linker 142 that hybridizes to a 
detection probe 140 which is attached to the electrode via a conductive oligomer 108. Figure 4C is 
similar, except a first capture extender probe 110 is shown, and an amplifier probe 150, comprising a 

20 first portion 152 that will hybridize to a second portion of the target sequence 120 and a second portion 
(amplification sequence) 152 that will hybridize to a first portion 141 of the label probe 145. A second 
portion 142 of the label probe 145 hybridizes to the detection probe 140, with at least one ETM 135 
present. Figure 3C utilizes a Figure 3B attachment to the electrode. Figure 4D depicts a non-nucleic 
target analyte 165 bound to a capture binding ligand 160, attached to the electrode 105 via an 

25 attachment linker 106. A solution binding ligand 170 also binds to the target analyte and comprises a 
recruitment linker 171 comprising nucleic acid that will hybridize to the detection probe 140 with at 
least one ETM 1 35 present. 

Figures 5A, 5B, 5C, 5D, 5E, 4F and 4G depict some of the nucleic acid mechanism-2 embodiments of 
30 the invention. All of the monolayers depicted herein show the presence of both conductive oligomers 
108 and insulators 107 in roughly a 1:1 ratio, although as discussed herein, a variety of different ratios 
may be used, or the insulator may be completely absent. In addition, as will be appreciated by those in 
the art, any one of these structures may be repeated for a particular target sequence; that is, for long 
target sequences, there may be multiple assay complexes fomied. Additionally, any of the electrode- 
35 attachment embodiments of Figure 3 may be used in any of these systems. 
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Figures 5A. 5B and 5D hav the target sequence 120 containing the ETMs 135; as discussed herein, 
these may be added enzymatically, for example during a PCR reaction using nucleotides modified with 
ETMs. resulting in essentially random incorporation throughout the target sequence, or added to the 
terminus of the target sequence. Figure 5C depicts the use of two different capture probes 100 and 
100*. that hybridize to different portions of the target sequence 120. As will be appreciated by those in 
the art, the 5*-3' orientation of the two capture probes in this embodiment is different. 

Figure 5C depicts the use of label probes 145 that hybridize directly to the target sequence 120. 
Figure 5C shows the use of a label probe 145, comprising a first portion 141 that hybridizes to a 
portion of the target sequence 120, a second portion 142 comprising ETMs 135. 

Figures 5E, 5F and 5G depict systems utilizing label probes 145 that do not hybridize directly to the 
target, but rather to amplifier probes that are directly (Figure 5E) or indirectly (Figures 5F and 5G) 
hybridized to the target sequence. Figure 5E utilizes an amplifier probe 150 has a first portion 151 that 
hybridizes to the target sequence 120 and at least one second portion 152, i.e. the amplifier sequence, 
that hybridizes to the first portion 141 of the label probe. Figure 5F is similar, except that a first label 
extender probe 160 is used, comprising a first portion 161 that hybridizes to the target sequence 120 
and a second portion 162 that hybridizes to a first portion 151 of amplifier probe 150. A second portion 
152 of the amplifier probe 150 hybridizes to a first portion 141 of the label probe 140, which also 
comprises a recruitment linker 142 comprising ETMs 135. Figure 5G adds a second label extender 
probe 170, with a first portion 171 that hybridizes to a portion of the target sequence 120 and a second 
portion that hybridizes to a portion of the amplifier probe. 

Figure 5H depicts a system that utilizes multiple label probes. The first portion 141 of the label probe 
140 can hybridize to all or part of the recruitment linker 142. 

Figures 6A - 6H depict some of the possible non-nucleic acid mechanism-2 embodiments. Figure 6A 
utilizes a capture binding ligand 200 linked to the electrode 105 by an attachment linker 106. Target 
analyte 205 binds to the capture binding ligand 200 and to a solution binding ligand 210 with a 
recruitment linker 220 comprising ETMs 135. Figure 6B depicts a similar case, except that the capture 
binding ligand 200 is attached to the surface using a second binding partner interaction, for example a 
nucleic acid; a portion 201 of the capture binding ligand will bind or hybridize to a capture probe 100 
on the surface. Figure 6C also utilizes a second binding interaction, for example a nucleic acid 
interaction, to amplify the signal. In this case, the solution binding ligand 210 comprises a first portion 
220 that will bind or hybridize to a first porition 231 of a label probe 230. The label probe 230 also 
comprises a second portion 232 that is a recruitment linker. Figure 6D depicts an embodiment similar 
to 6A, with the use of a second solution binding ligand 240. Figure 6E depicts the case where more 
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than one capture binding llgand (200 and 200') is used. Figure 6F shows a conformation wherein the 
addition of target alters the conformation of the binding ligands, causing the recruitment linker 220 to 
be placed near the monolayer surface. Figure 6G shows the use of th present invention in candidate 
bioactive agent sere ning. wh rein the addition of a drug candidate to target causes the solution 
binding ligand to dissociate, causing a loss of signal. In addition, the solution binding ligand may be 
added to another surface and be bound, as is generally depicted in figure 6H for enzymes. Figure 6H 
depicts the use of an enzyme to cleave a substrate comprising a recruitment linker, causing a loss of 
signal. The cleaved piece may also be added to an additional electrode, causing an increase in signal, 
using either a mechanism-1 or a mechanism-2 system. 

Figures 7A, 7B, 7C, 7D and 7E depict different possible configurations of label probes and 
attachments of ETMs. In Figures 7A-C, the recruitment linker is nucleic acid; in Figures 7D and E. it is 
not A = nucleoside replacement; B = attachment to a base; C = attachment to a ribose; D = 
attachment to a phosphate; E = metallocene polymer (although as described herein, this can be a 
polymer of other ETMs as well), attached to a base, ribose or phosphate (or other backbone analogs); 
F = dendrimer structure, attached via a base, ribose or phosphate (or other backbone analogs); G = 
attachment via a "branching' stmcture. through base, ribose or phosphate (or other backbone 
analogs); H = attachment of metallocene (or other ETM) polymers; I = attachment via a dendrimer 
structure; J = attachment using standanj linkers. 

Figure 8 depicts a schematic of an altemate method of adding large numbers of ETMs simultaneously 
to a nucleic acid using a "branch" point phosphoramidite. as is known in the art As will be appreciated 
by those in the art, each end point can contain any number of ETMs. 

Figure 9 depicts a schematic of the synthesis of simultaneous incorporation of multiple ETMs into a 
nucleic acid, using a "branch" point nucleoside. 

Figure 1 0 depicts the synthesis of a "branch" point (in this case an adenosine), to allow the addition of 
ETM polymers. 

Figure 1 1 depicts the use of an activated carboxylate for the addition of a nucleic acid functionalized 
with a primary amine to a pre-formed SAM. 

Figure 12 depicts a representative hairpin structure. 500 is a target binding sequence, 510 is a loop 
sequence, 520 is a self-complementary region, 530 is substantially complementary to a detection 
probe, and 530 is the "sticky end", that is, a portion that does not hybridize to any other portion of the 
probe, that contains the ETMs. 
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Figures 13A. 13B. 13C and 13D depict some embodiments of the invention. 
Figure 14 depicts the results of th experimental example. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to methods and compositions useful in the detection of biological 
target analyte species such as nucleic acids and proteins based on electrochemical detection on an 
electrode. As is known in the art, one of the significant hurdles of biosensors, particularly biosensors 
for the detection of nucleic acids, is the rate of binding (i.e. hybridization in the case of nucleic acids) of 
the solution-based target to the surface-bound capture ligand. See for example Gingeras et al., Nucl. 
Acid Res. 13:5373 (1987). hereby incorporated by reference in its entirety. This can be affected in a 
number of ways. Including (1) concentrating the target analyte near the surface, effectively resulting in 
a larger amount of the target analyte binding to the capture ligand; (2) configuring the system to allow 
for good flow or "mixing', again allowing a larger amount of the target analyte to bind to the capture 
ligand; or, (3) in the case of nucleic acids, using hybridization accelerators, that actually increase the 
rate of hybridization in assay complexes comprising the target sequence and the capture probes. All 
three of these are sometimes referred to herein as binding or hybridization acceleration, with the 
understanding that some of these techniques don't actually increase the rate constant of binding, they 
increase the amount of target analyte bound per unit time by increasing the concentration or by 
improving mass transport. Thus, the present invention is directed to the use of compositions and 
methods to increase the number of target molecules bound to the surface within a given unit of time. 
While a number of the techniques outlined herein are generally exemplified by nucleic acids, one of 
skill in the art will recognize the applicability of all the techniques to other target analytes including 
proteins. 

Thus, the present invention describes a number of techniques that can be used to accelerate the rate 
of assay complex formation or increase the number of assay complexes in a given period of time, 
wherein the target analyte becomes associated with a capture ligand on the electrode surface. These 
techniques include, but are not limited to, electrophoretic transport; the use of volume exclusion 
agents; the use of nucleic acid binding proteins (in the case of nucleic acid target analytes); the use of 
polyvalent ions; precipitation agents; partitioning; adjusting the phase compatabllily; stmcturing flow 
parameters; the use of microparticles (including both magnetic and non-nragnetic particles) as either 
"shuttles" or "mixers"; the use of temperature gradients; the use of filters; and combinations thereof. 

Accordingly, the present invention provides methods of detecting a target analyte in sample solutions. 
As will be appreciated by those in the art. the sample solution may comprise any number of things. 
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including, but not limited to, bodily fluids (including, but not limited to, blood, urin , serum, lymph, 
saliva, anal and vaginal secretions, perspiration and semen, of virtually any organism, with mammalian 
samples being preferred and human samples being particularly prefen-ed); environmental samples 
(including, but not limited to, air, agricultural, water and soil samples); biological warfare agent 
5 samples; research samples (i.e. in the case of nucleic acids, the sample may be the products of an 
amplification reaction, including both target and signal amplification as is generally described in 
PCT/US99/01705, such as PGR amplification reaction); purified samples, such as purified genomic 
DNA, RNA, proteins, etc.; raw samples (bacteria, virus, genomic DNA, etc.; As will be appreciated by 
those in the art. virtually any experimental manipulation may have been done on the sample. 

10 

The methods are directed to the detection of target analytes. By "target analytes" or grammatical 
equivalents herein is meant any molecule or compound to be detected. As outlined below, target 
analytes preferably bind to binding ligands, as is more fully described below. As will be appreciated by 
those in the art, a large number of analytes may be detected using the present methods; basically, any 
15 target analyte for which a binding ligand, described below, may be made may be detected using the 
methods of the invention. 

When electrophoresis is used, as is more fully outlined below, the target analyte is preferably charged, 
i.e. it carries a net charge under the experimental conditions, such that it is able to be transported 

20 electrophoretically in an electric field. However, non-charged target analytes may be utilized if a 

charged binding partner or binding ligand is associated with the target analyte. For example, as more 
fully described below, in the case of some target analytes, for example proteins, that canry little or no 
net charge, soluble binding ligands can be used to bind to the target analytes that additionally contain 
ETMs and/or charged species; in some embodiments, the ETM may be charged, and thus facilitate 

25 both electrophoresis and detection. 

Suitable analytes include organic and inorganic molecules, including biomolecules. In a preferred 
embodiment, the analyte may be an environmental pollutant (including pesticides, insecticides, toxins, 
etc.); a chemical (including solvents, organic materials, etc.); therapeutic molecules (including 

30 therapeutic and abused drugs, antibiotics, etc.); biomolecules (including honnones, cytokines, 

proteins, lipids. cariDohydrates, cellular membrane antigens and receptors (neural, hormonal, nutrient, 
and ceil surface receptors) or their ligands. etc); whole cells (including procaryotic (such as pathogenic 
bacteria) and eucaryotic cells, including mammalian tumor cells); viruses (including retroviruses, 
herpesviruses, adenoviruses, lentiviruses, etc.); and spores; etc, Particulariy preferred analytes are 

35 environmental pollutants; nucleic acids; proteins (including enzymes, antibodies, antigens, growth 
factors, cytokines, etc); therapeutic and abused drugs; cells; and viruses. 
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Particulariy preferred target analytes include proteins and nucleic acids. "Protein" as used herein 
Includ s proteins, polypeptides, and peptides. The protein may be made up of naturally occurring 
amino acids and peptide bonds, or synthetic peptidomimetic structures. The side chains may be in 
either the (R) or the (S) configuration. In the preferred embodiment, the amino acids are in the (S) or 
5 L-configuration. If non-naturally occurring side chains are used, non-amino acid substituents may be 
used, for example to prevent or retard in vivo degradations. 

By "nucleic acid" or "oligonucleotide" or grammatical equivalents herein means at least two 
nucleotides covalently linked together. A nucleic acid of the present invention will generally contain 

10 phosphodiester bonds, although in some cases, as outlined below, nucleic acid analogs are included 
that may have alternate backbones, comprising, for example, phosphoramide (Beaucage et al., 
Tetrahedron 49(10):1925 (1993) and references therein; Letslnger, J. Org. Chem. 35:3800 (1970); 
Sprinzl etal.. Eur J. Biochem. 81:579 (1977); Letsingeretal., Nucl. Acids Res. 14:3487 (1986); Sawai 
et al, Chem. Lett. 805 (1984), Letsinger et al., J. Am. Chem. Soc. 1 10:4470 (1988); and Pauwels et al., 

15 Chemica Scripta 26:141 91986)), phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437 (1991); 

and U.S. Patent No. 5.644,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. 1 11:2321 (1989). 
0-methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical 
Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see Egholm, J. 
Am. Chem. Soc. 114:1895 (1992); Meier etal., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature, 

20 365:566 (1993); Carlsson et al.. Nature 380:207 (1996), all of which are incorporated by reference). 

Other analog nucleic acids include those with positive backbones (Denpcy et al.. Proc. Natl. Acad. Sci. 
USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386.023. 5,637.684, 5.602,240, 
5,216,141 and 4,469,863; Kiedrowshi etal., Angew. Chem. Intl. Ed. English 30:423 (1991); Letsinger 
et al., J. Am. Chem. Soc. 110:4470 (1988); Letsinger et al.. Nucleoside & Nucleotide 13:1597 (1994); 

25 Chapters 2 and 3, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", 
Ed. Y.S. Sanghut and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal Chem. Lett. 4:395 
(1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) and non- 
ribose backbones, including those described in U.S. Patent Nos. 5,235,033 and 5.034,506, and 
Chapters 6 and 7. ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research". 

30 Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also 
Included within the definition of nucleic acids (see Jenkins et al., Chem. Soc. Rev. (1995) pp169- 
176). Several nucleic acid analogs are described in Rawls, C & E News June 2, 1997 page 35. All of 
these references are hereby expressly Incorporated by reference. These modifications of the ribose- 
phosphate backbone may be done to facilitate the addition of ETMs, or to Increase the stability and 

35 half-life of such molecules in physiological environments. 



10 



wo 99/67425 



PCT/US99/14191 



As will be appreciated by those in the art, all of these nucleic acid analogs may find use in the present 
invention. In addition, nnixtures of naturally occurring nucleic acids and analogs can be nriade; for 
example, at the site of conductive oligomer or ETM attachment, an analog structure may be used. 
Alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally occuring nucleic 
acids and analogs may be made. 

Particularly preferred are peptide nucleic acids (PNA) which includes peptide nucleic acid analogs. 
These backbones are substantially non-tonic under neutral conditions, in contrast to the highly 
charged phosphodiester backbone of naturally occurring nucleic acids. This results in two 
advantages- First, the PNA backbone exhibits improved hybridization kinetics. PNAs have larger 
changes in the melting temperature (Tm) for mismatched versus perfectly matched basepairs. DNA 
and RNA typically exhibit a 2-4X drop in Tm for an internal mismatch. With the non-ionic PNA 
backbone, the drop is closer to 7-9''C. This allows for better detection of mismatches. Similarly, due 
to their non-ionic nature, hybridization of the bases attached to these backbones is relatively 
insensitive to salt concentration. 

The nucleic acids may be single stranded or double stranded, as specified, or contain portions of both 
double stranded or single stranded sequence. The nucleic acid may be DNA, both genomic and 
cDNA, RNA or a hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo- 
nucleotides, and any combination of bases, including uracil, adenine, thymine, cytosine, guanine, 
inosine, xanthine hypoxanthine, isocytosine, isoguanine, etc. A preferred embodiment utilizes 
isocytosine and isoguanine in nucleic acids designed to be complementary to other probes, rather 
than target sequences, as this reduces non-specific hybridization, as is generally described in U.S. 
Patent No. 5,681 .702. As used herein, the term "nucleoside" includes nucleotides as well as 
nucleoside and nucleotide analogs, and modified nucleosides such as amino modified nucleosides. In 
addition, "nucleoside" includes non-naturally occuring analog structures. Thus for example the 
individual units of a peptide nucleic acid, each containing a base, are refen-ed to herein as a 
nucleoside. 

In a prefenred embodiment, the methods include concentrating the target analyte in the vicinity of a 
detection electrode. The description of the detection electrode compositions is described below. As 
will be appreciated by those in the art, the starting concentration of the target analyte in the sample 
can vary widely, depending on the type of sample used. In general, the starting concentration of the 
target analyte in the sample is relatively low, and preferred techniques utilize methods that allow the 
concentration of the target analyte in the vicinity of the detection electrode. 
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In general, "concentration" nneans that the effective diffusion distance a target analyte must travel to 
bind to the surface is reduced. In a preferred embodiment, the concentration at or near the detection 
electrode is higher than the concentration in the starting sample. This may be measured in a variety of 
ways, including directly, or indirectly as a function of binding acceleration. That is, in a preferred 

5 embodiment, concentration increases of at least two fold are preferred, with at least 5 fold being 

particularly prefen-ed, and at least 10 fold increases being especially preferred. As will be appreciated 
by those in the art, the increase in concentration will depend on the starting sample size as well, and 
thus very large increases in concentration, e.g. 100-, 1000- and 10,000- (or higher) fold increases may 
be desirable. When the rate of hybridization is used as an indication of concentration, increases of at 

10 least two fold more target analyte binding to the detection electrode per unit time is preferred, with at 
least 5 fold being particulariy prefen'ed, and at least 10 fold increases being especially preferred; 
again, higher increases may be preferable in some embodiments. 

As outlined herein, there are a variety of suitable concentration methods. In a preferred embodiment. 

15 the concentrating is done using electrophoresis. In general, the system is described as follows. A first 
electrode and a second electrode are used to generate an electric field to effect transport, generally 
electrophoretic transport, of the target analyte species increases its concentration at a detection 
electrode, which has a covalently attached capture binding ligand that will bind (either directly or 
indirectly ) the target analyte. In this way. the kinetics of target analyte binding to its capture ligand are 

20 significantly increased, by both increasing the concentration of the target analyte in the medium 

surrounding the capture ligand and reducing the distance a given target analyte molecule must difuse 
to find a binding ligand. 

The detection electrode may or may not be the same as the first electrode. That is, in one 
25 embodiment, the electrodes used to generate the electric fields that result in transport of the analytes 
to the surface are different from the electrodes used for detection; i.e. there are two sets of electrodes, 
although as will be appreciated by those in the art, the two sets may share electrodes, for example the 
counter electrode. In an additional embodiment, the electrodes used for electrophoretic transport and 
for detection are the same; i.e. there is only one set of electrodes. In some embodiments, the 
30 electrophoretic electrode which attracts the target analyte comprises a permeation layer that serves to 
limit access of the target analytes to the electrode surface and thus protects the analytes fi-om 
electrochemical degradation. 

This electrophoretic transport to the vicinity of the detection probe allows the concentration of the 
35 target analyte at or near the detection probe surface, which contains capture binding ligands that will 
bind the target analytes to form assay complexes. In some embodiments, the sequential or 
simultaneous use of a plurality of electrophoresis electrodes allows multidimensional electrophoresis, 
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i. , the solution may be targeted, "mixed" or "stirred" in the vicinity of the detection electrode, to further 
increase the kinetics of binding. As described below, the assay complex comprises an ETM. which is 
then detected using the detection electrode. 

5 It should also be noted that a number of electrophoretic steps may be used; for example, the 

components of the system may be added sequentially, with an electrophoresis step after each addition 
to transport the reagents down to the detection electrode. Similarly, electrophoresis may be used to 
effect "washing" steps, wherein excess reagents (non-bound target molecules or non-bound extra 
binding ligand components, etc.) Or other components of the sample (e.g. noncomplimentary nucleic 
1 0 acids) are driven away from the detection electrode. Thus any combination of electrophoresis steps 
may be used. In addition, the time of the electrophoretic steps may be altered. 

The methods and compositions of the invention can rely on either two sets of electrodes, wherein one 
set is used for electrophoresis and the second set is used for detection, or one set of electrodes that 
15 functions to effect both electrophoresis and detection, as is generally described below. 

Samples containing target analytes are placed in an electric field between at least a first and at least a 
second electrophoresis electrode. By "electrode" herein is meant a composition, which, when 
connected to an electronic device, is able to sense a current or a potential and convert It to a signal. 

20 Alternatively an electrode can be defined as a composition which can apply a potential to and/or pass 
electrons to or from species in the solution. Thus, an electrode is an ETM as described below. 
Preferred electodes are known in the art and include, but are not limited to. certain metals and their 
oxides, including gold; platinum; palladium; silicon; aluminum; metal oxide electrodes including 
platinum oxide, titanium oxide, tin oxide, indium tin oxide, palladium oxide, silicon oxide, aluminum 

25 oxide, molybdenum oxide (MozOg), tungsten oxide (WO3) and ruthenium oxides; and carbon (including 
glassy carbon electrodes, graphite and carbon paste). Preferred electrodes include gold, silicon, 
platinum, carbon and metal oxide electrodes, with gold being particularly preferred. 

The electrodes described herein are depicted as a flat surface, which is only one of the possible 
30 conformations of the electrode and is for schematic purposes only. The conformation of the electrode 
will vary with the detection method used. For example, flat planar electrodes may be preferred for 
optical detection methods, or when arrays of nucleic acids are made, thus requiring addressable 
locations for both synthesis and detection. Alternatively, for single probe analysis, the electrode may 
be in the fonn of a tube, with the SAMs comprising conductive oligomers and nucleic acids bound to 
35 the inner surface. Electrode coils or mesh may be preferred in some embodiments as well. This 
allows a maximum of surface area containing the nucleic acids to be exposed to a small volume of 
sample. 
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In addition, as is more fully outlined below, the detection electrode may be configured to maximize the 
contact the entire sampi has with the electrode, or to allow mixing, etc. 

In a preferred embodiment, one (or both) of the etectrophoretic electrodes comprises a permeation 
layer, as is generally described In U.S. Patent Nos. 5,632.957 and 5,605,662, both of which are 
expressly incorporated by reference in their entirety. This is particularly useful when the system is mn 
at high voltages, i.e. where water hydrolysis occurs. The permeation layer serves as an intermediate 
diffusion layer, and generally has a pore limit property which inhibits or impedes the target analytes, 
reactants, etc. from physical contact with the electrode surface and thus protects against adverse 
electrochemical effects. The permeation layer may be formed of a variety of materials, including, but 
not limited to, cariDon chain polymers, carbon-silicon chain polymers, carbon-phosphorus chain 
polymers, carbon-nitrogen chain polymers, silicon chain polymers, polymer alloys, layered polymer 
composites, interpenetrating polymer materials, ceramics, controlled porosity glasss, materials formed 
as sol-gels, materials formed as aero-gels, agarose, acrylamides, materials formed as hydro-gels, 
porous graphite, clays or zeolites. Particularly preferred are mesh-type polymers formed of 
acrylamide and cross-linkers, including, but not limited to, triethylene glycol diacrylate, tetraethyiene 
glycol diacrylate and N. N'-methy!ene-bisacrylamide. 

The electric field is generated between the first and second electrophoresis electrodes. The terms 
"firsf and "second" are essentially interchangeable and not meant to confer any spatial or 
conformational distinctions, although in general, as used herein, the first electrode is generally the 
electrode spatially closest to the detection electrode (when two sets of electrodes are used), or 
alternatively, the first electrode is generally depicted as the detection electrode (when only one set of 
electrodes is used). As will be appreciated by those in the art, any number of possible electrophoresis 
electrode configurations can be used, as is generally depicted in Figures 1 and 2. In general, there 
are two types of configurations: bulk electrophoresis and targeted electrophoresis. 

In a preferred embodiment, a bulk electrophoresis configuration is used. That is, one set of 
electrophoresis electrodes are used, as is generally shown in Figures 1A, 1B and 1C. The first 
electrophoresis electrode (10 in Figure 1) is generally larger than the detection electrodes and is 
arranged spatially such that the detection probes are within the electric field generated by the 
electrophoresis electrodes. Upon the application of a DC voltage between the electrodes, an electric 
field is generated such that etectrophoretic transport of the charged target analytes to the vicinity of the 
detection probes is effected. While this does not necessarily directly place the target analytes on the 
detection probes, the decrease in effective diffusion distance and increase in the effective 
concentration at the detection surface significantly increases the kinetics of target anaiyte binding to 
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the capture binding ligand on the surface of the detection probe, as diffusion needs to take place in 
essentially two dimensions, rather than three. 

In a preferred embodiment, a targeted electrophoresis configuration is used, as is generally depicted 
in Figures 1D. 1E and 1F. In this embodiment, there are a plurality of electrophoresis electrodes that 
are used to specifically target the analyte to a specific detection electrode, most generally, but not 
always, in sets. This may be done in one of two basic ways. In a preferred embodiment, as generally 
depicted in Figure 1F and components of which are described in U.S. Patent No. 5.605,662, hereby 
expressly incorporated by reference, each detection electrode has an associated electrophoresis 
electrode. Thus, by either sequentially or simultaneously applying a voltage between sets of 
electrophoresis electrodes, target analytes may be moved from one detection electrode to another. 
Assuming for the moment a negatively charged target analyte such as nucleic acid, the system may 
be run as follows, using the Figure IF system. In one embodiment, an electric field is generated 
between anode 50 and electrophoresis electrode 10. which is acting as the cathode, to bring the 
anionic target analyte mixture down to both electophoresis electrode 10 and thus detection electrode 
20, wherein binding of a species of the target analyte mixture can occur. The electric field is then shut 
off, and a new electric field is applied between electrophoresis electrode 10, now acting as an anode, 
and electrophoresis electrode 11, acting as a cathode. This drives the non-bound anionic species 
from 10 to 11 . wherein binding of a second species of target analyte can bind. The electric field is 
turned off, and a new field as between 11 (acting as the anode) and 12 (acting as the cathode) is 
generated, to move non-bound target analytes to a new detection electrode, etc. The advantage of 
this type of approach is that essentially the entire target analyte population is transported to each 
capture ligand, thus maximizing the number of target analytes that have an opportunity to bind to their 
capture ligands. 

Alternatively, the electrophoresis at each pad can be run simultaneously, with an electric field 
generated between (assuming a negatively charged target analyte population) anode 50 and cathodes 
10, 11, 12 and 13. This is faster, but results in (assuming four pads) only one quarter of the target 
analyte being "presented" to each detection electrode. This may or may not be desirable in different 
embodiments; for example, when speed rather than sensitivity is important. 

In a prefen-ed embodiment, a related but different type of targeted electrophoresis is done. In this 
embodiment, a plurality of sets of electrophoresis electrodes are positioned in a three dimensional 
way, to allow movement of the target analytes to different locations. For example, as shown in Figure 
2, the use of a three-dimensional array of electrophoresis electrodes allows localization of the sample 
solution to particular locations, i.e. individual detection electrodes or sets of detection electrodes. 
Thus, for example, with reference to Figure 2, electrophoretic voltage applied between electrophoretic 
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electrodes 10 and 15 and, at the same time, eiectrophoretic electrodes 12 and 17 can drive the target 
analyte to detector electrode 20. 

Alternatively, in a preferred embodiment, a plurality of electrophoresis electrodes are used, not for 
5 specific targeting to a particular location, but rather to Increase binding kinetics through "mixing" or 

"stirring" of the sample in the vicinity of the detection electrode with its associated capture ligand. For 
example, as shown In Figure 2, an initial eiectrophoretic step may be done between eiectrophoretic 
electrode 18 and a non-depicted second eiectrophoretic electrode, to drive the target analytes to the 
detection probe surface, i.e. "bulk electrophoresis" as defined above. Then, voltages, either DC or AC 
10 voltages, including pulses of each, can be applied between the additional sets of electrophoresis 

electrodes, to transport the target analyte to increase both availability and binding kinetics of the target 
analytes to the capture binding ligands immobilized on the detection electrodes. 

The strength of the applied electric field is determined by a number of factors, including, but not limited 
15 to, the desired time of electrophoresis, the size of the sample (i.e. the distance the target analyte must 
travel), the composition of the solution (i.e. the presence or absence of electroactive charge carriers 
and their redox potentials), the composition of the components (i.e. the stability of certain components 
of the invention to electrochemical potential), the presence or absence of electroactive charge carriers 
in solution, the size of the chamber, the charge of the target analyte, the size and location of the 
20 electrodes, the electrode material, etc. 

In general, DC voltages are applied for the initial electrophoresis, with DC or AC pulses or fields 
applied for mixing, if applicable. 

25 The strength of the applied field will depend in part on the other components of the system. For 
example, when only one set of electrodes is used and thiol linkages are used to attach the 
components of the system to the detection electrodes (i.e. the attachment of passivation agents and 
conductive oligomers to the detection electrode, as is more fully outlined below), the applied 
eiectrophoretic voltage is below the oxidation potential of the thiol compounds, i.e. generally less than 

30 1 V. Altemativety, higher voltages can be used when thiol linkages are not used. Similarly, thiol 
linkages are acceptable at higher field strengths when two sets of electrodes are used. I.e. the 
detection electrodes containing sensitive chemistry are not exposed to high voltages. 

Thus, in general, eiectrophoretic voltages range from 1 mV to about 2 V, although as will be 
35 appreciated by those in the art, the required voltage will depend on the desired time of running, the net 
charge on the analytes, the presence or absence of buffers, the position of the electrodes, etc. As is 
known in the art, the eiectrophoretic velocity is M(d4>/dx), wherein \i is the ionic mobility. For one set of 
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electrode embodiments, Ih electrophoretic voltages range from about 50 mV to about 900 mV. with 
from about 100 mV to about 800 mV being preferred, and from about 250 mV to about 700 mV being 
especially preferred. For two set embodiments, the electrophoretic voltages range from about 100 mV 
to about 2V or higher, with from about 500 mV to about 1.5 V being preferred, and from about IV to 
about 1 .5 V being especially preferred. Of course, as will be appreciated by those In the art. these 
voltages can be positive or negative, depending on the charge of the analyte. 

When low voltages are used. i.e. voltages less than 1 .23 V (relative to a normal hydrogen electrode), 
the voltage at which water hydrolysis occurs, it is necessary to include a eiectroactive species In the 
solution, such that cunrent can be transported from the electrode to the solution and an electric field 
can be generated throughout the solution. The type and concentration of the eiectroactive species will 
vary with the voltage, the length of required time for electrophoresis (which relates to the required 
distance, i.e. sample volume), etc. In a preferred embodiment, the redox potential of the eiectroactive 
species is higher than that of the ETM used for detection. For example, if a eiectroactive charge 
15 earner with a redox potential of 300 mV is used and the ETM has a redox potential of 1 00 mV, 

electrophoresis can be done at 300 mV with subsequent detection being done at 100 mV, without a 
need to remove the eiectroactive species. 



10 
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As will be appreciated by those in the art. a wide variety of suitable eiectroactive charge carriers can 
be used, including, but not limited to. compounds of iron, including aqueous FeCI. Fe(CN)6^, and 
fen^ocene and its derivatives; complexes of ruthenium, including Ru(NH3)5pyrand Ru(NH3)5H20; 
complexes of cobalt including Co(NH3)6'\ Co(bpy)3^^ and Co(tris)bpy^^); complexes of osmium 
including Os(bpy)32* and Os(tris)bpy and derivatives; complexes of rhenium, including Rh(NH3)4Cl2; 
and iodine I3-. As is known in the art, some oxidation-reduction reactions produce solids (Le. there are 
not a reversible couple). Generally, these species are not preferred, although in some instances they 
may be used when the detection electrode is the soluble reaction. Thus for example, a Ag/AgCI 
reaction may be used with nucleic acids, since the AgCI reaction occurs at the anode. The 
concentration of the redox molecule will vary, as will be appreciated by those in the art. with 
concentrations at or below saturation being useful. It should also be noted that in this embodiment, 
when an eiectroactive charge earner is used, it may be necessary to mix or stir the system during 
electrophoresis. 



It should be noted that eiectroactive charge carriers may be used in any system, particularly array- 
based systems, that utilize electrophoresis. For example, eiectroactive charge carriers may be used 
35 in electrophoretic an-ay systems such as described in U.S. Patent Nos. 5,532,129, 5,605.662. 
5,565,322 and 5.632.957 and related applications, all of which are incorporated by reference. 
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The sample is placed in the electric field to effect electrophoretic transport to on ormor d tection 
electrodes. The composition of the detection electrode is as described above for the electrophoresis 
electrodes, with gold, silicon, carbon, platinum and metal oxide electrodes being particularly preferred. 

In a prefen-ed embodiment, the detection electrodes are formed on a substrate. In addition, the 
discussion herein is generally directed to the formation of gold electrodes, but as will be appreciated 
by those in the art, other electrodes can be used as well. The substrate can comprise a wide variety 
of materials, as will be appreciated by those in the art, with printed circuit board (PCB) materials being 
particularly prefered. Thus, in general, the suitable substrates include, but are not limited to, 
fiberglass, teflon, ceramics, glass, silicon, mica, plastic (including acrylics, polystyrene and copolymers 
of styrene and other materials, polypropylene, polyethylene, polybutylene. polycarbonate, 
polyurethanes. Teflon™, and derivatives thereof, etc.), 6ETEK (a blend of polypropylene oxide and 
fiberglass), etc. 

In general, preferred materials include printed circuit board materials. Circuit board materials are 
those that comprise an insulating substrate that is coated with a conducting layer and processed using 
lithography techniques, particulariy photolithography techniques, to form the patterns of electrodes and 
interconnects (sometimes referred to in the art as interconnections or leads). The insulating substrate 
is generally, but not always, a polymer. As is known in the art. one or a plurality of layers may be used, 
to make either "two dimensional" (e.g. all electrodes and interconnections in a plane) or "three 
dimensional" (wherein the electrodes are on one surface and the interconnects may go through the 
board to the other side) boards. Three dimensional systems frequently rely on the use of drilling or 
etehing, followed by electroplating with a metal such as copper, such that the "through board- 
interconnections are made. Circuit board materials are often provided with a foil already attached to 
the substrate, such as a copper foil, with additional copper added as needed (for example for 
interconnections), for example by electroplating. The copper surface may then need to be roughened, 
for example through etching, to allow attachment of the adhesion layer. 

In some embodiments, glass may not be prefen-ed as a substrate. 

Accordingly, in a preferred embodiment, the present invention provides biochips (sometimes referred 
to herein "chips") that comprise substrates comprising a plurality of electrodes, preferably gold 
electrodes. The number of electrodes is as outlined for arrays. Each etectrode preferably comprises 
a self-assembled monolayer as outlined herein. In a prefen-ed embodiment, one of the monotayer- 
fonming species comprises a capture ligand as outlined herein. In addition, each etectrode has an 
interconnection, that is attached to the electrode at one end and is ultimately attached to a device that 
can control the etectrode. That is, each electrode is independently addressable. 
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The substrates can be part of a larger device comprising a detection chamber that exposes a given 
volume of sample to the detection electrode. Generally, the detection chamber ranges from about 1 
nL to 1 ml, with about 10 pL to 500 pL being preferred. As will be appreciated by those in the art, 
depending on the experimental conditions and assay, smaller or larger volumes may be used. 

5 

In some embodiments, the detection chamber and electrode are part of a cartridge that can be placed 
into a device comprising electronic components (an AC/DC voltage source, an ammeter, a processor, 
a read-out display, temperature controller, light source, etc.). In this embodiment, the interconnections 
from each electrode are positioned such that upon insertion of the cartridge into the device, 
10 connections between the electrodes and the electronic components are established. 

Detection electrodes on circuit board material (or other substrates) are generally prepared in a wide 
variety of ways. In general, high purity gold is used, and it may be deposited on a surface via vacuum 
deposition processes (sputtering and evaporation) or solution deposition (electroplating or electroless 

15 processes). When electroplating is done, the substrate must initially comprise a conductive material; 
fiberglass circuit boards are frequently provided with copper foil. Frequently, depending on the 
substrate, an adhesion layer between the substrate and the gold in order to insure good mechanical 
stability is used. Thus, preferred embodiments utilize a deposition layer of an adhesion metal such as 
chromium, titanium, titanium/tungsten, tantalum, nickel or palladium, which can be deposited as above 

20 for the gold. When electroplated metal (either the adhesion metal or the electrode metal) is used, 
grain refining additives, frequently referred to in the trade as brighteners, can optionally be added to 
alter surface deposition properties. Preferred brighteners are mixtures of organic and inorganic 
species, with cobalt and nickel being preferred. 

25 In general, the adhesion layer is from about 100 A thick to about 25 microns (1000 microinches). The 
If the adhesion metal is electrochemically active, the electrode metal must be coated at a thickness 
that prevents "bleed-through"; if the adhesion metal is not electrochemically active, the electrode metal 
may be thinner. Generally, the electrode metal (preferably gold) is deposited at thicknesses ranging 
from about 500 A to about 5 microns (200 microinches), with from about 30 microinches to about 50 

30 microinches being preferred. In general, the gold is deposited to make electrodes ranging in size from 
about 5 microns to about 5 mm in diameter, with about 100 to 250 microns being preferred. The 
detection electrodes thus formed are then preferably cleaned and SAMs added, as is discussed 
below. 

35 Thus, the present invention provides methods of making a substrate comprising a plurality of gold 
electrodes. The methods first comprise coating an adhesion metal, such as nickel or palladium 
(optionally with brightener), onto the substrate. Electroplating is prefen-ed. The electrode metal. 
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preferably gold, is then coated (again, with electroplating preferred) onto the adhesion metal. Then the 
patterns of the device, comprising the electrodes and their associated interconnections are made 
using lithographic techniques, particularly photolithographic techniques as are known in the art, and 
wet chemical etching. Frequently, a non-conductive chemically resistive insulating material such as 
5 solder mask or plastic is laid down using these photolithographic techniques, leaving only the 

electrodes and a connection point to the leads exposed; the leads themselves are generally coated. 

The methods continue with the addition of SAMs. In a preferred embodiment, drop deposition 
techniques are used to add the required chemistry, i.e. the monolayer forming species, one of which is 
10 preferably a capture ligand comprising species. Drop deposition techniques are well known for 

making "spof arrays. This is done to add a different composition to each electrode, i.e. to make an 
array comprising different capture ligands. Alternatively, the SAM species may be identical for each 
electrode, and this may be accomplished using a drop deposition technique or the immersion of the 
entire substrate or a surface of the substrate into the solution. 

15 

When a two electrode system is used, a prefenred embodiment utilizes a porous detection electrode 
positioned between the first and the second electrophoresis electrodes, such that the target must "go 
through" the detection electrode, and thus maximizes the contact of the target analyte and the 
detection electrode. For example, polycarbonate microporous membranes are gold sputter coated for 

20 electron microscope analysis. Alternatively, gold coated polyaniline can be used. Thus, gold 

electrodes with very uniform pore sizes, ranging from 0.01 to 20 um can be made. Similariy, silicon 
wafers with 10 um pores have been developed for use as a genosensor that enhance capture of the 
target sequence by 700 fold. By adjusting the flow rate, pad area, pore diameter, depth, and 
electrophoretic parameters, virtually 1 00 percent of the target analyte in the sample may be bound to 

25 the detection electrode. 

It should also be noted that a number of electrophoretic steps may be used; for example, the 
components of the system may be added sequentially, with an electrophoresis step after each addition 
to transport the reagents down to the detection electrode. Similariy, electrophoresis may be used to 
30 effect "washing" steps, wherein excess reagents (non-bound target molecules or non-bound extra 

binding ligand components, etc.) are driven away from the detection electrode. Thus any combination 
of electrophoresis steps may be used. In addition, the time of the electrophoretic steps may be 
altered. 

35 In addition, as is outlined herein, electrophoresis steps can be combined with other techniques to 
concentrate analytes at the detection electrode surface. For example, as is shown in Figure 13, the 
system can be configured to allow flow of the sample past the detection electrode in one direction, 



20 



wo 99/67425 



PCT/US99/14I91 



coupled with electrophoretic flow in the opposite direction, thus effectiv ly concentrating the target 
analyte while allowing other sample components (particularly uncharged components or components 
with a charg opposite to the analyte) to be "washed" away. In this emtxjdiment. the strength of the 
electrophoretic field is adjusted based on the size and charge of the target, such that the target 
remains relatively immobilized at the detection electrode. 

In a preferred embodiment, concentration of the target analyte is accomplished using at least one 
volume exclusion agent in the assay reagent mix. In this embodiment, the inclusion of a volume 
exclusion agent, which can absorb solvent and small molecules such as ions, but excludes larger 
molecules such as target analytes, concentrates the target analyte to smaller apparent volumes, and 
thus decreasing the effective diffusional volume that the target analyte experiences, thus increasing 
the likelihood of the target finding a capture ligand. As will be appreciated by those in the art, the 
volume exclusion agents may not necessarily concentrate the sample close to the detection electrode; 
rather, they decrease the effective diffusional volume that the target analyte experiences or resides 
within. 

Thus, the methods of the invention include adding at least one volume exclusion agent to the array 
mixture. As will be appreciated by those in the art, this can be done at virtually any step of the assay, 
including premixture of the exclusion agent with the sample, prior to the addition of additional reagents 
(such as label probes, etc.). the addition of the exclusion agent with one or more other assay reagents, 
or after the addition of the assay reagents. Alternatively, the detection chamber may be precoated 
with a volume exclusion agent (for example agarose, sephadex. sepharose, polyacrylamide, etc.) that 
will swell in the presence of the sample. In some embodiments, a membrane impermeable to the 
target analyte may be used to separate the volume exclusion agent from the detection electrode can 
be used. Similarly, other components of the system may be coated with swellable volume exclusion 
agents, such as the magnetic particles described herein. In general, adding the agent with the other 
assay reagents is preferable. Once added, there is generally an incubation step as will be appreciated 
by those in the art. 

Suitable volume exclusion agents are known in the art. and include, but are not limited to. dextran, 
dextran sulfate, chonchritin sulfate, polyethylene glycol, polysulfbnate. heparin sulfate, hespan. high 
molecular weight nucleic acid. etc. See for example Amasino. Anal. Chem. 152:304 (1986); Wetmur, 
Biopolymers 14:251 7 (1 975); Renz et al.. Nucl. Acid Res. 12:3435 (1 984); Wahl et al., PNAS USA 
75:3683 (1979); and Gingeras et al., Nucl. Acid Res. 15:5373 (1987). all of which are expressly 
incorporated by reference. In addition, as will be appreciated by those in the art, mixtures of these 
agents may also be done. It should be noted that while volume exclusion is a concentration step, but 
also that the exclusion agent may be considered a hybridization accelerator, as outlined below. " 
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In a preferred embodiment, concentration of the target analyte is don by precipitating the target 
analyte. This is particulariy effective for nucleic acids. As has been shown previously, precipitation of 
nucleic acids can increase the rate of hybridization by 50 to 100 fold; see EP 0 229 442 A1. hereby 
expressly incorporated by reference. As above, precipitation is a concentration step, but the 
precipitating agent may be considered a hybridization accelerator, as outlined below. In a preferred 
embodiment, conditions are selected that precipitate double stranded nucleic acid but not single 
stranded nucleic acid, as this provides a strong driving force and cuts down on non-specific losses. 

Suitable nucleic acid precipitating agents include, but are not limited to. salts which contain at least 
one of the stronger salting out cation or anion groups (including the alkali metal salts and ammonium 
salts of SO,. PO,. U and COOH); organic compounds that are miscible with the reaction solution and 
which have precipitating or salting out properties, including but not limited to. detergent (see Pontius et 
al.. PNAS USA 88:8237 (1991), hereby incorporated by reference), dihydroxybenezene. Sarkosyl (N- 
laurosarconsine sodium salt), sodium dodecyl sulfate, sodium diisobutyl sulfosuccinate and sodium 
tetradecyl suttate. Suitable concentrations of each agent are described in the incorporated references 
It should be noted that in some applications as outlined below, detergents need not actually precipitate 
the nucleic acid but rather are added as hybridization accelerators. 

in addition, as described in EP 0 229 442 Al . additional reagents may be added, including, but not 
hmited to. EGTA. EDTA. SDS, SK. PK. EtOH. urea, guanidine HCI. glycogen and dilute amphyl 
Furthemiore. known concentrations of at least one nucleic acid denaturing agents such as alcohol 
may be added. 

As above, the addition of the nucleic acid precipitating agent can be done at virtually any step of the 
assay, including premixture of the agent with the sample, prior to the additton of additional reagents 
(such as label probes, etc.). the addition of the agent with one or more other assay reagents, or after 
the addition of the assay reagents. In general, adding the agent with the other assay reagents is 
preferable. Again, once added, there is generally an incubation step as will be appreciated by those in 
the art. 

in a preferred embodiment, the concentrating is done by including at least two reagents that fomi two 
separable solution phases, such that the target ana^te concentrates in one of the phases or at the 
mterface. As is known in the art, if a sample is subjected to two separable solution phases an analyte 
may be driven from one phase to another and therefore become concentrated in one phase, or. in 
some circumstances, concentration can occur at the interface between the two phases. See for 
example Albertsson et al., Biochimica et Biophysica Acta 103:1-12 (1965), Kohne et al., Biochem 
16(24):5329 (1977). Moller, Partitioning of Nucleic Acids. Ch. 7 in Partltioninn in An..pn„c t.....o.,..^ 
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Siisterns. Academic Press, 1986). and MQIIer et al., Anal. Biochem. 118:269 (1981), all of which are 
expressly incorporated by reference. Thus, by configuring the sample volume, the velum of each 
phase, the detection electrode chamber and th position of the detection electrode, good 
concentration at the electrode may be achieved. As shown in Muller, Partitioning of Nucleic Acids, Ch. 
^ Partitioning in Aqueous Two-Phase Systems Academic Press. (1985) and Albertsson. supra, 
partitioning is effected by electrolyte composition, including both the ionic strength and the kinds of 
ions, polymer concentration, the size of the nucleic acids, the structure and/or complexity of the 
nucleic acids, and the presence or absence of certain ligands. 

In a preferred embodiment, ligands can be included in the partitioning mixtures to effect partitioning. 
As shown in both MQIIer et al. references, the inclusion of ligands that bind to nucleic acids can effect 
partitioning. Thus for example the use of nucleic acid binding dyes covalently bound to heteroalkyl 
chains such as PEG can strongly raise the partition coefficients. See Moiler et al., Anal. Biochem. 
118:269 (1981). MQIieretaL. Anal. Biochem. 118:267(1981); and Mulleretal., Eur J. Biochem. 
128:231 (1982), alt of which are expressly incorporated by reference. 

In a preferred embodiment, the phenol emulsion reassociation technique (PERT) is done, as 
described in Kohne et aL. supra. In this embodiment, phenol and water (or other aqueous solutions) 
are added in the right proportions and shaken or mixed, an emulsion forms. When the shaking stops, 
the emulsion breaks and two phases fomn. The addition of single stranded nucleic acid and salt to the 
aqueous phase results in the extremely fast formation of hybrids. As outlined in Kohne, supra, the rate 
of nucleic acid hybridization depends on (a) the presence of the emulsion; (b) the type and 
concentration of ions; (c) an appropriate temperature of incubation; (d) the proper pH; (e) the rate and 
manner of agitating the emulsion; (f) the amount of phenol present; (g) the fragment size of the nucleic 
acid; (h) the complexity of the nucleic acid; and (I) the concentration of the nucleic acid. 

In addition, partitioning is also known for proteins; see Gineitis et ah, AnaL Biochem. 139:400 (1984), 
hereby expressly incorporated by reference. 

In a prefen^ed embodiment, both volume exclusion and partitioning may be done simultaneously. For 
example, dextran (3-8%) and PEG (3.5 to 6%) can be mixed and form separate phases. Shifts in the 
ratios of cations or anions can transfer high molecular weight nucleic acids from one phase to another 
and induce duplex formation. 



In a preferred embodiment, the concentration step is done using shuttle particles. In general, this 
technique may be described as follows. Shuttle particles that will either settle by gravity onto the 
detection electrode (for example when the detection electrode is at the "bottom" of the chamber), float 
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(for example wh n the detection el ctrode is at the "top" of the chamber) or can be induced to 
associate with the detection electrode (for example through the use of magnetic particles) are used. 
These shuttle particles comprise binding ligands that will associate with the target analyte(s) in the 
assay solution/generally but not always non-specifically, and then shutUe the target analytes to the 
detection electrode, where they can be released to bind to the capture binding ligand (either directly or 
indirectly, as outlined below). As will be appreciated by those in the art, the shuttle binding ligands 
preferably interact less strongly with the target analytes than the components of the assay complex, 
i.e. the capture binding ligand. That is. the interaction with the shuttle particle must be weak enough to 
allow release of the target analytes for binding to the detection electrode. 

In a preferred embodiment, the target analyte is a nucleic acid and the shuttle particles may be 
configured in a number of ways. In one system, the shuttle particles comprise generally short (i.e. 4 to 
10. although depending on the temperature used, they may be longer) nucleic acid probes that can 
bind the target analytes. These may be either specific, i.e. contain short sequences specific to the 
target analyte(s) of interest, or non-specific, ie. random probes that will shuttle all the nucleic acid in 
the sample to the surface. The attachment of nucleic acids to particles Is known; see for example 
U.S.S.N. 60/105,875 and CHAD MIRKIN STUFF Similarly, for non-nucleic acid targets, ligands with 
varying binding affinities can be used; for example, a weakly binding antibody to a protein target may 
be attached to the bead, and a stronger affinity antibody may serve as the capture ligand on the 
surface. /Mtematively. solution changes may be used to drive the transfer from the bead to the surface. 

Alternatively, for both nucleic acWs and other types of analytes including proteins, the particles may be 
modified (for example by derivativization with amine moieties (such as lysine moieties) or carboxy 
groups) to contain a charge for the electrostatic interaction of the target and the particle. 

In a preferred embodiment, again when the target analytes are nucleic acids, the shuttle particles may 
contain nucleic acid binding components, that bind to either single stranded or double stranded nucleic 
acids. For example, particles comprising intercalators are known; see U.S. Patent 5,582,984. hereby 
incorporated by reference in its entirety. Similarly, particles comprising single-stranded or double- 
stranded binding proteins can be made. Once at the detection surface, the target analytes may be 
released using known techniques, including heat, pH changes, salt changes, etc. It should be noted 
that these particles may have use in sample preparation, as the particles can bind up all the target 
analyte, allowing the remaining sample to be washed away or removed, or the particles comprising the 
target analyte to be removed from the sample. 

In a preferred embodiment, the surface of the electrode, or of the substrate as described 
herein, may be altered to increase binding and/or reduce the effective diffusional space for the 
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target analyt . That is. redu Ingth diffusional spac from three dimensions (the detection 
chamber) to two dimensions (the det cti n surface) will signifi antly Increase the kinetics of 
binding. This reduction can be accomplished in several ways. For example, in a preferred 
embodiment, the terminal groups of th SAM may be modified to comprise electrostatic 
groups of opposite charge from the target analyte. Thus, the time that a particular target 
molecule associates with the surface is increased, and diffusion preferably occurs in two 
dimensions rather than three. This effectively removes the target analytes from the diffusion 
layer over the detection surface, thus forming a gradient that brings new target analytes down 
into the diffusion layer. Thus, for example, catlon-termlnated passivation agents may be used, 
such as HS-CH,-NR/ Alternatively, the entire substrate of the detection chamber (i.e. the areas 
around the Individual electrodes) may be coated with weakly binding llgands, similar to the 
shuttle particles described herein, forming a "lawn" of binding llgands. For example. 
Oligonucleotide probes, that will either specifically bind target sequences or are relatively short 
non-specific sequences, can be used on the surface. Upon association of a target sequence 
with these surface probes, diffusion via equilibrium binding and release will allow two 
dimensional diffusion ratherthan three dimensional diffusion. In this embodiment, what is 
important is that the interaction between the surface ligands and the target analytes is weaker 
than that of the capture ligands, such that binding to the capture ligands is preferred. This can 
be controlled In the case of nucleic acids using probe length; capture probes will generally be 
longer than surface probes. As will be appreciated by those in the art, these techniques may 
be done alone or in addition to any of the other acceleration techniques outlined herein. 

In addition, as is more fully described below, particles may also be used as "mixing particles", that 
serve to stir the solution nearthe detection electrode and thus increase hybridization. 

In a preferred embodiment, the binding acceleration is done by configuring the system to maximize the 
amount of target analyte that can bind to the detection electrode in a given time period. This may be 
done for example by flowing or exposing a large volume of sample containing the target analyte past 
the detection electrode such that the target analytes have a high probability of associating with the 

detection electrode. 



Accordingly, in a preferred embodiment the methods include flowing the sample containing the target 
analyte(s) past a detection electrode to form assay complexes. In this embodiment, the concentration 
Of the target analyte occurs as a result of a large volume of sample being contacted with the detection 
electrode per unit time, and also decreases the binding times as compared to a stagnant sample 
Thus, .n a preferred embodiment as outlined above for electrophoresis, the device comprising the 
detection electrode can be configured to have the sample flow past or through the detection electrode 
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Thus, a preferred embodiment utilizes a porous electrode such as a gold electrode, as outlined above 
positioned in a sample flow channel. See for example W095/11755. incorporated by reference The 
sample may additionally be recirculated as necessary. Rotating disc lectrodes are also preferred. 

Thus, in a preferred embodiment, the detection electrode and surrounding area is configured to result 
.n mD«ng of the sample, which can serve to disturb this diffusion layer and allow greater access to the 
surface. For example, in one embodiment, the detection electrode is placed in a narrow sample 
channel. Thus, essentially, the detection electrode is a band or zone around the perimeter of the 
channel. Again, as outlined above, recirculation can also occur. 

in an alternative embodiment the detection electrode is configured witii respect to the chamber such 
tiiat the flow Of the sample past the electrode causes mixing or sample turbulence. For example in 
one embodiment the detection electrode is -sunken" or 'recessed' with respect to the chamber, such 
tiiat the flow of the sample past the electrode causes mbcing; see Figure 13. This effect may be 
enhanced by including raised surfaces, sometimes referred to herein as W. on the edges of the 
electrode (including sunken eledrodes) that cause mixing. 



In addition to or instead of any of the methods disclosed herein, a preferred embodiment utilizes 
particles as "mixing balls". By "particle" or "microparticle" or "nanoparticle" or "bead" or "microsphere" 
herein is meant microparticulate matter. As m be appreciated by «,ose in tt,e art the particles can 
comprise a wide variety of materials depending on their use. including, but not limited to. cross-linked 
starch, dextrans. cellulose, proteins, organic polymers including styrene polymers including 
polystyrene and methylstyrene as well as o«,er styrene co-polymers, plastics, glass, ceramics, acrylic 
po^mers. magnetically responsive materials, colloids, thoria sol. carbon graphite, titanium dioxide 

25 nylon, latex, and teflon may all be used. 'Microsphere Detectior, Guide- from Bangs Laboratories 

Fishers IN. is a helpful guide. Preferred embodiments utilize magnetic particles as outiined below' In 
addrtion. ,n some instances. tt,e mixing particle need not comprise micmparticulate matter for 
example, for gravity mixing (i.e. for mixing based on agitation of the device), any component witti a 
density different from ttie sample can be used; air bubbles can be used for example as mixing 

30 particles. ^ 

in other embodiments, the mixing particles may be chosen to have a large dielectric constant such that 
the particles can be moved by tiie application of an electromagnetic field gradient as could be 
produced using focused light or a diverging radio frequency (rf) field. The particles could also in some 
.nstances. comprising diamagnetic materials. Such particles would not be affected substantially by the 
application of a linear magnetic field but could be moved by the application of a non-linear magnetic 
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field as might b applied using a non-linear magnet or using a large linear magnet combined with small 
ferro-magnetic or paramagnetic inclusions in the chamber. 

The size of the particles will depend on their composition. The particles need not be spherical; 
irregular particles may be used. In addition, the particles may be porous, thus increasing the surface 
area of the particle available for attachment of moieties. In general, the size of the particles will vary 
with their composition; for example, magnetic particles are generally bigger than colloid particles. 
Thus, the particles have diameters ranging from 1- 5 nm (colloids) to 200 pm (magnetic particles). 

As will be appreciated by those in the art, the particles can be added at any point during the assay, 
Including before, during or after the addition of the sample. 

The particles help stir the sample to effect more target binding. This may be accomplished in a 
number of ways. For example, particles can be added to the detection chamber and the entire 
chamber or device agitated. In a preferred embodiment, magnetic mlcropartlcles such as are known in 
the art may be used. In a preferred embodiment, the first particle Is a magnetic particle or a particle 
that can be induced to display magnetic properties. By "magnetic" herein Is meant that the particle Is 
attracted in a magnetic field, including ferromagnetic, paramagnetic, and diamagnetic. In this 
embodiment, the particles are preferably from about 0.001 to about 200 |jm in diameter, with from 
about 0.05 to about 200 pm preferred, from about 0.1 to about 100 pm being particularly preferred, 
and from about 0.5 to about 10 pm being especially preferred. 

In this embodiment, It may be preferred to vary the direction and/or strength of the magnetic field, for 
example using electromagnets positioned around the detection chamber to move the beads in a 
variety of directions. Thus, for example, the use of magnetic shuttle particles as both shuttle and 
mixing particles can be accomplished by multiple magnetic fields; one that brings the particles down to 
the detection electrode, and one that agitates the beads on the surface of the detection electrode. 
Alternatively, non-magnetic particles may be added to augment the flow-type mixing outlined above. 

The size of the microparticles will vary as outlined herein. Microparticles of 4.5 um have been 
observed to rest in solution on a solid support, relatively unaffected by diffusion, where as in the same 
sample 10 um particles remain suspended away from the solid surface and appear to follow the 
constraints of diffusion. Thus, the larger particles may move freely within the diffusion layer when 
combined with flow, to convert laminar flow to turbulent flow. 

In addition, the particles may be chemically altered, for example with volume exclusion agents or 
hybridization accelerators as outlined herein to combine the acceleration effects. 
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As will be appreciated by those in the art, the shutti particles outlined above may also serve a dual 
functon as mixing particles. 

Thus, the present invention provides compositions comprising detection electrodes and mixing 
particles, and methods of detecting target analytes using the compositions. 

In addition, as is known in the art, one of the rate-limiting steps for target capture on a surface is 
believed to be the diffusion of molecules across the boundary layer near the solid phase. This 
boundary layer does not appear to mix well even during flow of the sample. This boundary layer and 
its statistical depth is a function of the properties of the solvent, the solid and the solute. Thus, altering 
these parameters may sen/e to "shrink" the boundary layer the target analyte must pass to reach the 
surface. For example, adjusting the organic content of the solute may make the analyte more 
accessable to the surface. Other parameters that can effect this are viscosity, surface charge, target 
secondary and tertiary structure, and temperature. 

In a preferred embodiment when the target analyte is a nucleic acid, binding acceleration is done by 
using a hybridization accelerator. In this embodiment, the binding of the target analyte to the detection 
electrode is done in the presence of a hybridization accelerator. As outlined herein, there are a variety 
of hybridization accelerators that actually increase the rate of nucleic acid hybridization, including, but 
not limited to, nucleic acid binding proteins, salts, polyvalent ions and detergents. 
In a preferred embodiment, the hybridization accelerator is a nucleic acid binding protein. As has been 
shown in the art. certain binding proteins increase the rate of hybridization of single stranded nucleic 
acids; see Pontius et al.. PNAS USA 87:8403 (1990) and U.S. Patent 5,015.569, both of which are 
incorporated by reference. Thus, for example. hnRNP (Al hnRNP) and recA are all known to increase 
the anneailing rate of double stranded nucleic acids. Other single stranded nucleic acid binding 
proteins and major and minor groove binding proteins may also be used. Suitable conditions are 
known or elucidated from the prior art. 

In a preferred embodiment, the hybridization accelerator is a salt. As is known in the art, the inclusion 
of high concentrations of salt can increase the rate of hybridization; see EP 0 229 442 A1 . hereby 
incorporated by reference. Generally, concentrations of salt up to roughly 2 M can increase the rate of 
hybridization. Suitable salts include, but are not limited to, sodium chloride, cesium chloride, sodium 
phosphate, sodium perchlorate. litium chloride, potassium chloride, sodium bromide, sodium sulfate 
and ammonium chloride. 

In a preferred embodiment, the hybridization accelerator is a polyvalent ion. Ions of higher valence 
such as Mg++ can improve the affinity of nucleic acid strands via electrostatic interactions and thus 



28 



wo 99/67425 



PCTAJS99/14191 



accelerate hybridization. In addition, these polyvalent ions can potentially affect packaging on the 
surface; that is, as the density of nucleic acid on the surface increases, a negative charge 
accumulates that may inhibit subsequent binding of more nucleic acid. Thus, the inclusion of a 
polyvalent ion that can serve as a "salt bridge" may serve to increase hybridizaHon. Mn++ can have a 
similar effect. 



In addition, certain ions such as Mg++ have been shown to improve binding in RNA by another 
method. RNA forms loops aroung Mg++ ions and finds a stable secondary structure coordinating with 
Mg++. If Mg++ is removed the RNA changes to another structure which is also stable. However, the 
transition phase may be a period of enhanced accessibility for incoming probes. Thus, adding 
sequential rounds of IVIg++ followed by EDTA or a similar chelator can cycle through this transition 
phase and enhance binding. 

In a prefen-ed embodiment, the hybridization accelerator is a detergent; see Pontius et al.. PNAS USA 
88:8237 (1991), hereby incorporated by reference. In this case, certain detergents can increase the 
rate of hybridization by as much as 10* fold. Suitable detergents include, but are not limited to, 
cationic detergents including, but not limited to. dodecyltrimethylammonium bromide (DTAB) and 
cetyltrimethylammonium bromide (CTAB), and other variants of the quaternary amine 
tetramethylammonium bromide (TMAB). 

All of the above methods are directed to increasing the amount of target analyte accessible for binding 
and detection on the detection electrode within a given period of time. The detection systems of the 
present invention are based on the incorporation of an electron transfer moiety (ETM) into an assay 
complex as the result of target analyte binding. 

In general, there are two basic detection mechanisms. In a preferred embodiment, detection of an 
ETM is based on electron transfer through the stacked n-orbitals of double stranded nucleic acid. This 
basic mechanism is described in U.S. Patent Nos. 5,591,578, 5.770.369. 5,705,348, and PCT 
US97/20014 and is termed "mechanism-1" herein. Briefly, previous work has shown that electron 
transfer can proceed rapidly through the stacked n-orbitals of double stranded nucleic acid, and 
significantly more slowly through single-stranded nucleic acid. Accordingly, this can serve as the basis 
of an assay. Thus, by adding ETMs (either covatently to one of the strands or non-covalently to the 
hybridization complex through the use of hybridization indicators, described below) to a nucleic acid 
that is attached to a detection electrode via a conductive oligomer, electron transfer between the ETM 
and the electrode, through the nucleic acid and conductive oligomer, may be detected. This general 
idea is depicted in Figure 3. 
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This may be done where the target analyte is a nucleic acid; alt rnatively, a non-nuci Ic acid target 
analyt is used, with an optional capture binding ligand (to attach the target analyte to the detection 
electrode) and a soluble binding ligand that carries a nucleic acid "tair, that can th n bind either 
directly or. indirectly to a detection probe on the surface to effect detection. This general idea is 
depicted in Figure 3C. 



Alternatively, the ETM can be detected, not necessarily via electron transfer through nucleic acid, but 
rather can be directly detected using conductive oligomers; that is, the electrons from the ETMs need 
not travel through the stacked n orbitals in order to generate a signal. Instead, the presence of ETMs 
on the surface of a SAM, that comprises conductive oligomers, can be directly detected. This basic 
idea is tenned "mechanism-2" herein. Thus, upon binding of a target analyte, a soluble binding ligand 
comprising an ETM is brought to the surface, and detection of the ETM can proceed. The role of the 
SAM comprising the conductive oligomers is to shield the electrode from solution components and 
reducing the amount of non-specific binding to the electrodes. Viewed differently, the role of the 
binding ligand is to provide specificity for a recruitment of ETMs to the surface, where they can be 
detected using conductive oligomers with electronically exposed termini. This general idea is shown in 
Figures 4, 5 and 6. 

Thus, in either embodiment, as is more fully outlined below, an assay complex is formed that contains 
an ETM, which is then detected using the detection electrode. 

The present system finds particular utility in an^y formats, i.e. wherein there is a matrix of addressable 
detection electrodes (herein generally refeaed to "pads", "addresses" or "micro-locations"). By "array" 
herein is meant a plurality of capture ligands in an array format; the size of the array will depend on the 
composition and end use of the array. Arrays containing from about 2 different capture ligands to 
many thousands can be made. Generally, the array will comprise from two to as many as 100.000 or 
more, depending on the size of the electrodes, as well as the end use of the array. Preferred ranges 
are from about 2 to about 1 0,000. with from about 5 to about 1000 being prefen-ed, and from about 10 
to about 100 being particularly preferred. In some embodiments, the compositions of the invention may 
not be in an^ay format; that is, for some embodiments, compositions comprising a single capture ligand 
may be made as well. In addition, in some anrays, multiple substrates may be used, either of different 
or identical compositions. Thus for example, large arrays may comprise a plurality of smaller 
substrates. 



The detection electrode comprises a self-assembled monolayer (SAM). By "monolayer'* or "self- 
assembled monolayer" or "SAM" herein is meant a relatively ordered assembly of molecules 
spontaneously chemisorbed on a surface, in which the molecules have a prefen-ed orientation relative 
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to each other (e.g. are oriented approximately parallel to each oth r) and a preferred orientation 
relative to the surfac (e.g. roughly p rpendicular to it). Each of the molecules Includes a functional 
group that adheres to the surface, and a portion that interacts with neighboring molecules in the 
monolayer to form the relatively ordered array. A "mixed" monolayer comprises a heterogeneous 
monolayer, that is, where at least two different molecules make up the monolayer. The SAM may 
comprise conductive oligomers alone, or a mixture of conductive oligomers and insulators. As outlined 
herein, the efficiency of target analyte binding (for example, oligonucleotide hybridization) may 
increase when the analyte is at a distance from the electrode. Similariy. non-specific binding of 
biomolecules. including the target analytes. to an electrode is generally reduced when a monolayer is 
present. Thus, a monolayer facilitates the maintenance of the analyte away from the electrode 
surface. In addition, a monolayer serves to keep extraneous electroactive species away from the 
surface of the electrode. Thus, this layer helps to prevent electrical contact between the electrodes 
and the ETMs. or between the electrode and extraneous electroactive species within the solvent. 
Such contact can result in a direct "short circuit" or an indirect short cirx:uit via charged species which 
may be present in the sample. Accordingly, in one embodiment, the monolayer is preferably tightly 
packed in a unifomi layer on the electrode surface, such that a minimum of "holes" exist. In this 
embodiment, the monolayer thus serves as a physical barrier to block solvent accesibllity to the 
electrode. 



In a preferred embodiment, the monolayer comprises conductive oligomers. By "conductive oligomer- 
herein is meant a substantially conducting oligomer, preferably linear, some embodiments of which are 
refened to in the literature as "molecular wires". By "substantially conducting" herein is meant that the 
oligomer is capable of transfering electrons at 100 Hz. Generally, the conductive oligomer has 
substantially overiapping n-orbitals. i.e. conjugated n-orbitals. as between the monomeric units of the 
conductive oligomer, although the conductive oligomer may also contain one or more sigma (o) bonds. 
Additionally, a conductive oligomer may be defined functionally by its ability to inject or receive 
electrons into or from an associated ETM. Furthemiore. the conductive oligomer is more conductive 
than the insulators as defined herein. Additionally, the conductive oligomers of the invention are to be 
distinguished from electroactive polymers, that themselves may donate or accept electrons. 

In a preferred embodiment, the conductive oligomers have a conductivity. S. of from between about 
10^ to about 10^ Cl-cm\ with from about 10"^ to about 10^ Q 'cm- being preferred, with these S values 
bemg calculated for molecules ranging from about 20A to about 200A. As described below insulators 
have a conductivity S of about 10- Cl-cm- or lower, with less than about 10-^ n-cm"' being preferred. 
See generally Gardner et al.. Sensors and Actuators A 51 (1995) 57-66. incorporated herein by 
reference. 
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Desired characteristics of a conductive oligomer include high conductivity, suffici nt solubility in 
organic solvents and/or water for synthesis and use of the compositions of the invention, and 
preferably chemical resistance to reactions that occur i) during binding ligand synthesis (i. . nucleic 
acid synthesis, such that nucleosides containing the conductive oligomers may be added to a nucleic 
acid synthesizer during the synthesis of the compositions of the invention, ii) during the attachment of 
the conductive oligomer to an electrode, or iii) during binding assays. In addition, conductive 
oligomers that will promote the formation of self-assembled monolayers are preferred. 

The oligomers of the invention comprise at least two monomeric subunits. as described herein. As is 
described more fully below, oligomers include homo- and hetero-oligomers. and include polymers. 

In a preferred embodiment, the conductive oligomer has the structure depicted in Structure 1: 

Stmcture 1 




As will be understood by those in the art. all of the structures depicted herein may have additional 
atoms or stmctures; i.e. the conductive oligomer of Stmcture 1 may be attached to ETMs. such as 
electrodes, transition metal complexes, organic ETMs. and metallocenes, and to binding ligands such 
as nucleic acids, or to several of these. Unless othenvise noted, the conductive oligomers depicted 
herein will be attached at the left side to an electrode; that is, as depicted in Structure 1, the left "r is 
connected to the electrode as described herein. If the conductive oligomer is to be attached to a 
binding ligand. the right "Y", if present, is attached to the binding ligand such as a nucleic acid, either 
directly or through the use of a linker, as is described herein. 

In this embodiment, Y is an aromatic group, n is an integer from 1 to 50, g is either 1 or zero, e is an 
integer from zero to 10, and m is zero or 1. When g is 1 , B-D is a bond able to conjugate with 
neighboring bonds (herein referred to as a Aconjugated bond©). preferabV selected from acetylene, 
alkene, substituted alkene. amide, azo. -C=N- (including -N=C-, -CR=N- and -N=CR-), -Si=Si-, and - 
Si=C- (including -C=Si-, -Si=CR- and -CR=Si-). When g is zero, e is preferably 1 . D is preferably 
carbonyl. or a heteroatom moiety, wherein the heteroatom is selected from oxygen, sulfur, nitrogen, 
silicon or phosphorus. Thus, suitable heteroatom moieties Include, but are not limited to, -NH and - 
NR. wherein R is as defined herein; substituted sulfur; sulfonyl (-SO^-) sulfoxide (-SO-); phosphine 
oxide (-P0- and -RPO-); and thiophosphine (-PS- and -RPS-). However, when the conductive 
oligomer is to be attached to a gold electrode, as outlined below, sulfur derivatives are not preferred. 
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By "aromatic group" or grammatical equivalents herein is meant an aromatic monocyclic or polycyclic 
hydrocarbon moiety generally containing 5 to 14 carbon atoms (although larger polycyclic rings 
structures may be made) and any carbocylic ketone orthioketone derivative thereof, wherein the 
carbon atom with the free valence is a member of an aromatic ring. Aromatic groups Include arylene 
groups and aromatic groups with more than two atoms removed. For the purposes of this application 
aromatic includes heterocycle. "Heterocycle" or "heteroaryl" means an aromatic group wherein 1 to 5 
of the indicated carbon atoms are replaced by a heteroatom chosen from nitrogen, oxygen, sulfur 
phosphorus, boron and silicon wherein the atom with the free valence is a member of an aromaUc ring 
and any heterocyclic ketone and thioketone derivative thereof Thus, heterocycle includes thienyl. 
furyl. pyrrolyl. pyrimidinyl. oxalyl, indolyl, purinyl, quinolyl, isoquinolyl. thiazolyl. imidozyl. etc. 

importantly, the Y aromatic groups of the conductive oligomer may be different, i.e. the conductive 
oligomer may be a heterooligomer. That is. a conductive oligomer may comprise a oligomer of a 
single type of Y groups, or of multiple types of Y groups. 

The aromatic group may be substituted with a substitution group, generally depicted herein as R. R 
groups may be added as necessary to affect the packing of the conductive oligomers, i.e. R groups 
may be used to alter the association of the oligomers in the monolayer. R groups may also be added 
to 1) alter the solubility of the oligomer or of compositions containing the oligomers; 2) alter the 
conjugation or electrochemical potential of the system; and 3) alter the charge or characteristics at the 
surface of the monolayer. 

In a preferred embodiment, when the conductive oligomer is greater than three subunits. R groups are 
preferred to increase solubility when solution synthesis is done. However, the R groups, and their 
positions, are chosen to minimally effect the packing of the conductive oligomers on a surface 
particularly within a monolayer, as described below. In general, only small R groups are used within 
the monolayer, with larger R groups generally above the surface of the monolayer. Thus for example 
the attachment of methyl groups to the portion of the conductive oligomer within the monolayer to 
increase solubility is preferred, with attachment of longer alkoxy groups, for example, C3 to CIO. is 
preferably done above the monolayer surface. In general, for the systems described herein, this 
generally means that attachment of sterically signiflcant.R groups is not done on any of the first two or 
three oligomer subunits, depending on the average length of the molecules making up the monolayer. 

Suitable R groups include, but are not limited to, hydrogen, alkyl. alcohol, aromatic, amino. amWo 
nitro. ethers, esters, aldehydes, sulfonyl, silicon moieties, halogens, sulfur containing moieties, 
phosphortjs containing moieties, and ethylene glycols. In the structures depicted herein. R is 
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hydrogen when the position is unsubstituted. It should be noted that som positions may allow two 
substitution groups, R and R', in which case the R and R' groups may be either the same or different. 

By "alkyi group" or grammatical equivalents herein is meant a straight or branched chain alkyi group, 
5 with straight chain alkyi groups being prefenred. If branched, it may be branched at one or more 

positions, and unless specified, at any position. The alkyi group may range from about 1 to about 30 
carbon atoms (G1 -C30), with a prefen-ed embodiment utilizing from about 1 to about 20 carbon atoms 
(C1 -C20), with about C1 through about C12 to about C15 being preferred, and C1 to C5 being 
particularly preferred, although in some embodiments the alkyi group may be much larger. Also 
10 included within the definition of an alkyi group are cycloalky! groups such as C5 and C6 rings, and 
heterocyclic rings with nitrogen, oxygen, sulfur or phosphorus. Alkyi also includes heteroalkyi, with 
heteroatoms of sulfur, oxygen, nitrogen, and silicone being preferred. Alkyi includes substituted alkyi 
groups. By "substituted alkyi group" herein is meant an alkyi group further comprising one or more 
substitution moieties "R^ as defined above. 

15 

By "amino groups" or grammatical equivalents herein is meant -NH2, -NHR and -NR2 groups, with R 
being as defined herein. 

By "nitro group" herein is meant an -NOj group. 

20 

By "sulfur containing moieties" herein is meant compounds containing sulfur atoms, including but not 
limited to, thia-, thio- and sulfo- compounds, thiols (-SH and -SR), and sulfides (-RSR-). By 
"phosphorus containing moieties" herein is meant compounds containing phosphorus, including, but 
not limited to, phosphines and phosphates. By "silicon containing moieties" herein is meant 
25 compounds containing silicon. 

By "ether" herein is meant an -0-R group. Preferred ethers include alkoxy groups, with -0-(CH2)2CH3 
and -0-(CH2)4CH3 being prefenred. 

30 By "ester" herein is meant a -COOR group. 

By "halogen" herein is meant bromine, iodine, chlorine, or fluorine. Prefen-ed substituted alkyls are 
partially or fully halogenated alkyls such as CF3, etc. 

35 By "aldehyde" herein Is meant -RCHO groups. 

By "alcohol" herein is meant -OH groups, and alkyi alcohols -ROH. 
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By "ethylene glycol' or •(poly)ethylene glycol' herein is meant a -(O.CH,-CH,)„- group, although each 
carbon atom of the ethylene group may also be singly or doubly substituted, i.e. -(0-CR,-CR,)„-, with 
R as described above. Ethylene glycol derivatives with other heteroatoms in place of oxygen (i.e. -(N- 
CHj-CHj)„- or -(S-CHj-CHj)^-, or with substitution groups) are also preferred. 

Preferred substitution groups include, but are not limited to, methyl, ethyl, propyl, alkoxy groups such 
as -0-(CHj),CH3 and -0-{CH,)fiH, and ethylene glycol and derivatives thereof. 

Preferred aromatic groups include, but are not limited to, phenyl, naphthyl, naphthalene, anthracene 
phenanthroline. pyrole, pyridine, thiophene. porphyrins, and substituted derivatives of each of these, 
included fused ring derivatives. 

In the conductive oligomers depicted herein, when g is 1. B-D is a bond linking two atoms or chemical 
mo.et.es. In a preferred embodiment, B-D is a conjugated bond, containing overlapping or conjugated 
n-orbitals. 

Preferred B-D bonds are selected from acetylene (-C=C-. also called alkyne or ethyne), alkene (- 
CH=CH-, also called ethylene), substituted alkene (-CR=CR-, -CH=CR- and -CR=CH-) amide (-NH- 
CO- and -NR-CO- or -CaNH- and -CO-NR-), azo {-N=N-). esters and thioesters (-C0-0-, -acO-, - 
CS-0- and -0-CS-) and other conjugated bonds such as (-CH=N-, -CR=N-, -N=CH- and -N=CR-) (- 
SiH=SiH-. -SiR=SiH-, -SiR=SiH-, and -SiR=SIR-), (-SiH=CH-, -SiR=CH-. -SiH=CR-, -SiR=CR- - ' 
CH=SiH-, -CR=SiH-. -CH=SiR-. and -CR=SiR-). Particularly preferred B-D bonds are acetylene 
alkene. amide, and substituted derivatives of these three, and azo. Especially preferred B-D bonds 
are acetylene, alkene and amide. The oligomer components attached to double bonds may be in the 
trans or cis conlbrmation. or mixtures. Thus, either B or D may include carbon, nitrogen or silicon 
The substitution gnsups are as defined as above for R. 

When g=0 in the Structure 1 conductive oligomer, e is preferably 1 and the D moiety may be carbonyl 
or a heteroatom moiety as defined above. 

As above for the Y rings, within any single conductive oligomer, the B-D bonds (or D moieties when 
9=0) may be all the same, or at least one may be different. For example, when m is zero, the tem,inal 
B-D bond may be an amide bond, and the rest of the B-D bonds may be acetylene bonds. Generally 
when am.de bonds are present, as few amide bonds as possible are preferable, but in some 
embodiments all the B-D bonds are amide bonds. Thus, as outlined above for the Y rings, one type of 
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B-D bond may be present in th conductive oligomer within a monolayer as d scribed below, and 
another type abov the monolayer level, for xample to give greater flexibility for nucleic acid 
hybridization when the nucleic acid is attached via a conductive oligomer. 

In the structures depicted herein, n is an integer from 1 to 50. although longer oligomers may also be 
used(seefbrexampleSchummetal..Angew. Chem. Int. Ed. Engl. 1994 33(13);1360). Without 
being bound by theory, it appears that for efficient hybridization of nucleic acids on a surface the 
hybridization should occur at a distance from the surface, i.e. the kinetics of hybridization increase as 
a function of the distance from the surface, particularly for long oligonucleotides of 200 to 300 
basepalrs. Accordingly, when a nucleic acid Is attached via a conductive oligomer, as is more fully 
descnbed below, the length of the conductive oligomer is such that the closest nucleotide of the 
nucleic acid is positioned from about 6A to about 1 COA (although distances of up to 600A may be 
used) from the electrode surface, with from about 15A to about 60A being preferred and from about 
25A to about 60A also being preferred. Accordingly, n will depend on the size of the aromatic group 
but generally will be from about 1 to about 20, with from about 2 to about 15 being preferred and from 
about 3 to about 10 being especially preferred. 

In the structures depicted herein, m Is either 0 orl . That is. when m Is 0. the conductive oligomer may 
terminate ,n the B-D bond or D moiety, i.e. the D atom Is attached to the nucleic acid either directly or 
via a linker. In some embodiments, for example when the conductive oligomer Is attached to a 
phosphate Of the ribose-phosphate backbone of a nucleic add. there may be additional atoms, such 
as a linker, attached between the conductive oligomer and the nucleic acid. Additionally, as outlined 
below, the D atom may be the nitrogen atom of the amino-modlfied ribose. Alternatively, when m is 1 
the conductive oligomer may terminate in Y. an aromatic group, i.e. the aromatic group is attached to ' 
the nucleic acid or linker. 



As will be appreciated by those in the art. a large number of possible conductive oligomers may be 
utilized. These include conductive oligomers falling within the Structure 1 and Structure 8 fbmiulas a' 
well as other conductive oligomerB. as are generally known in the art, Including for example 
compounds comprising fused aromatic rings or Teflon®-like oligomers, such as -(CF,)„- -(CHF) - and 
-(CFR),. See for example, Schumm et al., Angew. Chem. Intl. Ed. Engl. 33:1361 (1994);GrDsshenny 
et al.. Platinum Metals Rev. 40(1):26-35 (1996); Tour, Chem. Rev. 96:537-553 (1996)- Hsung et a! 
Organometallics 14:4808-4815 (1995; and references cited therein, all of which are expressly 
incorporated by reference. 



Particularly preferred conductive oligomers of this embodiment are depicted below: 
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5 Structure 2 is Structure 1 when g is 1 . Preferred embodiments of Structure 2 include: e is zero, Y is 
pyrole or substituted pyrole; e is zero. Y is thiophene or substituted thiophene; e is zero. Y is furan or 
substituted furan; e is zero. Y is phenyl or substituted phenyl; e is zero. Y is pyridine or substituted 
pyridine; e is 1 . B-D is acetylene and Y is phenyl or substituted phenyl (see Structure 4 betow). A 
preferred embodiment of Structure 2 is also when e is one. depicted as Structure 3 below: 

Structures 



^ m 



Preferred embodiments of Structure 3 are: Y is phenyl or substituted phenyl and B-D is azo- Y is 
phenyl or substituted phenyl and B-D is acetylene; Y is phenyl or substituted phenyl and B-D is alkene- 
Y is pyridine or substituted pyridine and B-D is acetylene; Y is thiophene or substituted thiophene and 
B-D IS acetylene: Y is furan or substituted furan and B-D is acetylene; Y is thiophene or furan (or 
substituted thiophene or furan) and B-D are alternating alkene and acetylene bonds. 

Most of the structures depicted herein utilize a Structure 3 conductive oligomer. However, any 
Structure 3 oligomers may be substituted with any of the other structures depicted herein. 'i.e. 
Structure 1 or 8 oligomer, or other conducting oligomer, and the use of such Structure 3 depiction is 
not meant to limit the scope of the invention. 

Particularly preferred embodiments of Structure 3 include Structures 4, 5, 6 and 7. depicted below: 

Structure 4 




30 Particularly preferred embodiments of Structure 4 include: n is two. m is one. and R is hydrogen; n is 
three, m is zero, and R is hydrogen; and the use of R groups to increase solubility. 

Structure 5 




When the B-D bond is an amide bond, as in Structure 5, the conductive oligomers are pseudopeptide 
oligomers. Although the amide bond in Structure 5 is depicted with the carbonyl to the left, i.. 



I.e. - 
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CONH- the reverse may also be us d. i.e. -NHCO-. Particularly pr ferred embodiments of Structure 
5 include: n is two. m is one, and R is hydrogen; n is three, m is zero, and R is hydrogen (in this 
embodiment, the tenminal nitrogen (the D atom) may be the nitrogen of th amino-modified ribose); 
and the use of R groups to increase solubility. 



Preferred embodiments of Structure 6 include the first n is two. second n is one, m is zero, and all R 
groups are hydrogen, or the use of R groups to increase solubility. 

Structure 7 



Prefen-ed embodiments of Structure 7 include: the first n is three, the second n is from 1-3, with 



In a prefen-ed embodiment, the conductive oligomer has the staicture depicted in Stmcture 8: 

Structure 8 



In this embodiment, C are carbon atoms, n is an integer from 1 to 5C, m is 0 or 1. J is a heteroatom 
selected from the group consisting of oxygen, nitrogen, silicon, phosphorus, sulfur, caitonyi or 
sulfoxide, and G is a bond selected from alkane, aikene or acetylene, such that together with the two 
carbon atoms the C-G-C group is an aikene (-CH=CH-), substituted aikene (-CR=CR«) or mixtures 
thereof (-CH=CR- or -CR=CH-). acetylene (-ChC-), or alkane (-CR2-CR2- with R being either 
hydrogen or a substitution group as described herein). The G bond of each subunit may be the same 
or different than the G bonds of other subunits; that is, alternating oligomers of aikene and acetylene 
bonds could be used, etc. However, when G is an alkane bond, the number of alkane bonds in the 
oligomer should be kept to a minimum, with about six or less sigma bonds per conductive oligomer 
being preferred. Aikene bonds are preferred, and are generally depicted herein, although alkane and 
acetylene bonds may be substituted in any structure or embodiment described herein as will be 
appreciated by those in the art. 



Structure 6 





being either 0 or 1 . and the use of R groups to increase solubility. 
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In some embodiments, for example when ETMs are not present. If m=0 then at least one of the G 
bonds is not an alkane bond. 

In a preferred embodiment, the m of Structure 8 is zero. In a particularly preferred embodiment, m ii 
zero and G is an alkene bond, as is depicted in Structure 9: 

Structure 9 



The alkene oligomer of structure 9, and others depicted herein, are generally depicted in the prefen-ed 
trans configuration, although oligomers of cis or mixtures of trans and cis may also be used. As 
above, R groups may be added to alter the packing of the compositions on an electrode, the 
hydrophilicity or hydrophobiclty of the oligomer, and the flexibility, i.e. the rotational, torsional or 
longitudinal flexibility of the oligomer, n is as defined above. 

In a prefenred embodiment, R is hydrogen, although R may be also alkyi groups and polyethylene 
glycols or derivatives. 

In an altemative embodiment, the conductive oligomer may be.a mixture of different types of 
oligomers, for example of structures 1 and 8. 

The conductive oligomers may or may not have terminal groups. Thus, in a preferred embodiment, 
there is no additional temriinal group, and the conductive oligomer temninates with one of the groups 
depicted in Staictures 1 to 9; for example, a B-D bond such as an acetylene bond. Altematively. in a 
preferred embodiment, a terminal group is added, sometimes depicted herein as "Q". A tenninal group 
may be used for several reasons; for example, to contribute to the electronic availability of the 
conductive oligomer for detection of ETMs, or to alter the surface of the SAM for other reasons, for 
example to prevent non-specific binding. For example, when the target analyte is a nucleic acid, there 
may be negatively charged groups on the terminus to form a negatively charged surface such that 
when the nucleic acid is DNA or RNA the nucleic acid is repelled or prevented from lying down on the 
surface, to facilitate hybridization. Prefen-ed terminal groups include -NH2, -OH, -COOH. and alkyI 
groups such as -CH3, and (poly)alkyloxides such as (poly)ethylene glycol, with -OCH2CH2OH, - 
{OCH2CH20)2H, -(OCH2CH20)3H. and -(OCH2CH20)4H being preferred. 



R 




R 
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In one embodinn nL it is possible to use mixtures of conductiv oligomers with different types of 
terminal groups. Thus, for example, some of the terminal groups may facilitate detection, and some 
may prevent non-specific binding. 

It will be appreciated that the monolayer may comprise different conductive oligomer species, although 
preferably the different species are chosen such that a reasonably uniform SAM can be formed. Thus, 
for example, when capture binding ligands such as nucleic acids are covalentiy attached to the 
electrode using conductive oligomers, it is possible to have one type of conductive oligomer used to 
attach the nucleic acid, and another type In the SAM. Similarly, it may be desirable to have mixtures of 
different lengths of conductive oligomers in the monolayer, to help reduce non-specific signals. Thus, 
for example, prefen-ed embodiments utilize conductive oligomers that terminate below the surface of 
the rest of the monolayer, i.e. below the insulator layer, if used, or below some fraction of the other 
conductive oligomers. Similarly, the use of different conductive oligomers may be done to facilitate 
monolayer formation, or to make monolayers with altered properties. 

In a preferred embodiment, the monolayer may further comprise insulator moieties. By "insulator" 
herein is meant a substantially nonconducting oligomer, preferably linear. By -substantially 
nonconducting" herein is meant that the insulator will not transfer electrons at 100 Hz. The rate of 
electron transfer through the insulator is preferrably slower than the rate through the conductive 
oligomers described herein. 

In a preferred embodiment, the insulators have a conductivity, S, of about 10*^ Q-^cm'^ or lower, with 
less than about 10^ Q-'cm-^ being preferred. See generally Gardner et al., supra. 

Generally, insulators are alkyi or heteroalkyl oligomers or moieties with sigma bonds, although any 
particular insulator molecule may contain aromatic groups or one or more conjugated bonds. By 
"heteroalkyl" herein is meant an alkyI group that has at least one heteroatom, i.e. nitrogen, oxygen, 
sulfur, phosphorus, silicon or boron included in the chain. Alternatively, the insulator may be quite 
similar to a conductive oligomer with the addition of one or more heteroatoms or bonds that serve to 
inhibit or slow, preferably substantially, electron transfer. 

Suitable insulators are known in the art. and include, but are not limited to. -(CHJ,^ -(CRH)^- and - 
(CR2)n-, ethylene glycol or derivatives using other heteroatoms in place of oxygen, i.e. nitrogen or 
sulfur (sulfur derivatives are not preferred when the electrode is gold). 

As for the conductive oligomers, the insulators may be substituted with R groups as defined herein to 
alter the packing of the moieties or conductive oligomers on an electrode, the hydrophilicity ( 



'or 
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hydrophobicity of the insulator, and the flexibility, i.e. the rotational, torsional or longitudinal flexibility of 
the insulator. For example, branched alkyi groups may be used. Similarly, the Insulators may contain 
terminal groups, as outlined above, particularly to influence the surface of the monolayer. 

The length of the species making up the monolayer will vary as needed. As outlined above, it appears 
that binding of target analytes (for example, hybridization of nucleic acids) is more efficient at a 
distance from the surface. The species to which capture binding ligands are attached (as outlined 
below, these can be either insulators or conductive oligomers) may be basically the same length as 
the monolayer forming species or longer than them, resulting in the capture binding ligands being 
more accessible to the solvent for hybridization. In some embodiments, the conductive oligomers to 
which the capture binding ligands are attached may be shorter than the monolayer. 

As will be appreciated by those in the art, the actual combinations and ratios of the different species 
making up the monolayer can vary widely, and will depend on whether mechanism-1 or -2 is used, 
and, in the case of electrophoresis, whether a one electrode system or two electrode system is used, 
as is more fully outlined below. Generally, three component systems are preferred for mechanism-2 
systems, with the first species comprising a capture binding ligand containing species (temied a 
capture probe when the target analyte is a nucleic acid), attached to the electrode via either an 
insulator or a conductive oligomer. The second species are conductive oligomers, and the third 
species are insulators. In this embodiment, the first species can comprise from about 90% to about 
1%, with from about 20% to about 40% being preferred. When the target analytes are nucleic acids, 
from about 30% to about 40% is especially preferred for short oligonucleotide targets and from about 
10% to about 20% is prefen^d for longer targets. The second species can comprise from about 1% to 
about 90%. with from about 20% to about 90% being preferred, and from about 40% to about 60% 
being especially preferred. The third species can comprise from about 1% to about 90%, with from 
about 20% to about 40% being preferred, and from about 15% to about 30% being especially 
preferred. To achieve these approximate proportrans, preferred ratios of first:second:thlrxl species in 
SAM fomfiation solvents are 2:2:1 for short targets, 1:3:1 for tonger targets, with total thiol 
concentration (when used to attach these species, as is more fully outlined below) in the 500 pM to 1 
mM range, and 833 pM being preferred. 

Alternatively, two component systems can be used. In one embodiment, for use In either mechanism- 
1 or mechanism-2 systems, the two components are the first and second species. In this embodiment, ' 
the first species can comprise from about 1% to about 90%. with from about 1% to about 40% being 
preferred, and from about 10% to about 40% being especially preferred. The second species can 
comprise from about 1% to about 90%, with from about 10% to about 60% being preferred, and from 
about 20% to about 40% being especially preferred. Alternatively, for mechanism-1 systems, the two 
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components are the first and the third sped s. In this embodiment, the first species can comprise 
from about 1% to about 90%, with from about 1% to about 40% being preferred, and from about 10% 
to about 40% being especially pr ferred. The second species can comprise from about 1% to about 
90%. with from about 10% to about 60% being preferred, and from about 20% to about 40% being 
5 especially preferred. 



In a preferred embodiment, the deposition of the SAM is done using aqueous solvents. As is generally 
described in Steel et aL. Anal. Chem. 70:4670 (1998). Heme et al.. J. Am. Chem, Soc. 119:8916 
(1997). and Finklea. Electrochemistry of Organized Monolayers of Thiols and Related Molecules on 
10 Electrodes, from A.J. Bard. Electroanalvtical Chemistry- A Series of Advanr^c^ Vol. 20, Dekker N.Y. 

1966-, all of which are expressly incorporated by reference, the deposition of the SAM-forming species 
can be done out of aqueous solutions, frequently comprising salt 
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In addition, when electrophoresis systems are used, the composition and integrity of the monolayer 
may depend on whether a one electrode or two electrode system is used. Thus, for example, if a one 
electrode system is used for both electrophoresis and detection, the configuration of the system will 
allow the electroactlve charge carriers, if used, access to the electrode. As will be appreciated by 
those in the art, if the chemistry of attachment of the conductive oligomer is stable at the high voltages 
used to hydrolyze water, no electroactive charge carriers need be used. This may be done in one of 
several ways. In a preferred embodiment, the monolayer comprises a significant component of 
electronically exposed conductive oligomers; a monolayer such as this effective raises the surface of 
the electrode, allowing the electroactive charge carriers indirect access to the electrode. Alternatively, 
a poor monolayer may be used, i.e. a monolayer that contains "pinholes" or "imperfections", such that 
there is direct solvent access to the electrode. Alternatively, the configuration of the electrode may be 
such that less than the entire surface of the electrode is covered by a SAM, to allow direct access to 
the electrode, but minimizing the surface for non-specific binding. 



The covalent attachment of the conductive oligomers and insulators to the electrode may be 
accomplished in a variety of ways, depending on the electrode and the composition of the insulators 
and conductive oligomers used. In a preferred embodiment, the attachment linkers with covalently 
attached nucleosides or nucleic acids as depicted herein are covalently attached to an electrode. 
Thus, one end or temiinus of the attachment linker is attached to the nucleoside or nucleic acid, and 
the other is attached to an electrode. In some embodiments it may be desirable to have the 
attachment linker attached at a position other than a temiinus, or even to have a branched attachment 
35 linker that is attached to an electrode at one terminus and to two or more nucleosides at other termini, 
although this is not preferred. Similariy. the attachment linker may be attached at two sites to the 
electrode, as is generally depicted in Structures 11-13. Generally, some type of linker is used, as 
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depicted below as "A" in Structure 1 0. where "X" is the conductive oligomer, "I" is an insulator and the 
hatched surface is the electrode: 




In this embodiment, A is a linker or atom. The choice of "A" will depend in part on the characteristics 
of the electrode. Thus, for example, A may be a sulfur moiety when a gold electrode is used. 
Alternatively, when metal oxide electrodes are used, A may be a silicon (silane) moiety attached to the 
oxygen of the oxide (see for example Chen et al., Langmuir 10:3332-3337 (1994); Lenhard et al., J. 
Electroanal. Chem. 78:195-201 (1977), both of which are expressly incorporated by reference). When 
carbon based electrodes are used. A may be an amino moiety (preferably a primary amine; see for 
example Deinhammer et al.. Langmuir 10:1306-1313 (1994)). Thus, preferred A moieties Include, but 
are not limited to, silane moieties, sulfur moieties (including alkyi sulfur moieties), and amino moieties. 
In a preferred embodiment, epoxide type linkages with redox polymers such as are known in the art 
are not used. 



Although depicted herein as a single moiety, the insulators and conductive cligomere may be attached 
to the electrode with more than one "A" moiety; the "A" moieties may be the same or different. Thus, 
for example, when the electrode is a gold electrode, and "A" is a sulfur atom or moiety, multiple sulfur 
atoms may be used to attach the conductive oligomer to the electrode, such as is generally depicted 
below in Structures 11, 12 and 13. As will be appreciated by those in the art. other such structures 
can be made. In Structures 1 1. 12 and 13, the A moiety is just a sulfur atom, but substituted sulfur 
moieties may also be used. 

Structure 1 1 

A 



/ 

r 




Structure 12 



/ 
/■ 




wo 99/67425 



PCT/US99/14191 



Structure 13 




It should also be noted that similar to Structure 13. it may be possible to have a a conductve oligomer 
temiinaBng in a single carbon atom with three sulfur moities attached to the electrode. Additionally, 
although not always depicted herein, the conductive oligomers and insulators may also comprise a "Q" 

terminal group. 



tn a preferred embodiment, the electrode is a gold electrode, and attachment is via a sulfur linkage as 
is well known in the art. i.e. the A moiety is a sulfur atom or moiety. Although the exact characteristics 
of the gold-sulfur attachment are not known, this linkage is consklered covalent for the purposes of 
this invention. A representative structure Is depicted in Structure 14. using the Structure 3 conductive 
oligomer, although as for alt the structures depicted herein, any of the conductive oligomers, or 
combinations of conductive oligomers, may be used. Similarly, any of the conductive oligomers or 
insulators may also comprise terminal groups as described herein. Structure 14 depicts the "A" linker 
as comprising just a sulfur atom, although additional atoms may be present (i.e. linkers from the sulfur 
to the conductive oligomer or substitution groups). In addition. Structure 14 shows the sulfur atom 
attached to the Y aromatic group, but as will be appreciated by those in the art, it may be attached to 
the B-D group (i.e. an acetylene) as well. 

Structure 14 
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In general, thiol linkages are preferred. In systems using electrophoresis, thiol linkages are preferred 
when eithertwo sets of electrodes are used (i.e. the detectton electrodes comprising the SAMs are not 
used at high electrophoretic voltages (i.e. greater than 800 or 900 mV), that can cause oxidation of the 
thiol linkage and thus loss of the SAM), or. if one set of electrodes is used, lower electrophoretic 
voltages are used as is generally described below. 

In a preferred embodiment, the electrode is a carbon electrode. i.e. a glassy carbon electrode, and 
attachment is via a nitrogen of an amine group. A representative structure is depicted in Structure 15. 
Again, additional atoms may be present. i.e. Z type linkers and/or terminal groups. 
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Structure 15 

A 
/ 

A 
A 



structure 16 

/ 
/ 
/' 
/ 



-0 — Si-Ay — B — o)-^y) — 



In Structure 16, the oxygen atom is from the oxide of the metal oxide electrode. The SI atom may also 
contain other atoms, i.e. tje a silicon moiety containing substitution groups. Other attachments for 
SAMS to other electrodes are known In the art; see for example Napier et al.. Langmuir. 1997. for 
attachment to indium tin oxide electrodes, and also the chemisorption of phosphates to an indium tin 
oxide electrode (talk by H. Holden Thorpe. CHI conference. May 4-5. 1998). 

The SAMs of the invention can be made in a variety of ways, including deposition out of organic 
solutions and deposition out of aqueous solutions. The methods outlined herein use a gold electrode 
as the example, although as will be appreciated by those in the art, other metals and methods may be 
used as well. In one preferred embodiment, indium-tin-oxide (ITO) is used as the electrode. 

In a preferred embodiment, a gold surface is first cleaned. A variety of cleaning procedures may be 
employed, including, but not limited to. chemical cleaning or etchants (including Piranha solution 
(hydrogen peroxide/sulfuric acid) or aqua regia (hydrochloric acid/nitric acid), electrochemical 
methods, flame treatment, plasma treatment or combinations thereof. 

Following cleaning, the gold substrate is exposed to the SAM spedes. When the electrode is ITO the 
SAM species are phosphonale-containing species. This can also be done in a variety of ways 
induding. but not limited to. solution deposition, gas phase deposition, microcontact printing, spray 
deposiUon, deposition using neat components, etc. A preferred embodiment utilizes a deposition 
solution comprising a mixture of various SAM species in solution, generally thiol-containing spedes 
M.xed monolayers that contain target analytes, particulariy DNA, are usually prepared using a two step 
procedure. The thiolated DNA is deposited during the first deposition step (geneiBlly in the presence 
of at least one other monolayer-fomiing spedes) and the mixed monolayer formation is completed 
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during the second step in which a second thiol solution minus DNA is added. The second step 
frequently involves mild heating to promote monolayer reorganization. 

In a preferred embodiment, the deposition solution is an organic deposition solution. In this 
embodiment, a clean gold surface is placed into a clean vial. A binding ligand deposition solution in 
organic solvent is prepared In which the total thiol concentration is between micromolar to saturation; 
preferred ranges include from about 1 pM to 10 mWI, with from about 400 ulVI to about 1 .0 mM being 
especially preferred. In a preferred embodiment, the deposition solution contains thiol modified DNA 
(i.e. nucleic acid attached to an attachment linker) and thiol diluent molecules (either conductive 
oligomers or insulators, with the latter being preferred). The ratio of DNA to diluent (if present) is 
usually between 1000:1 to 1:1000. with from about 10:1 to about 1:10 being preferred and 1:1 being 
especially preferred. The preferred solvents are tetrahydrofuran (THF). acetonitrile. dimethylforamide 
(DMF). ethanol. or mixtures thereof; generally any solvent of sufficient polarity to dissolve the capture 
ligand can be used, as long as the solvent is devoid of functional groups that will react with the 
surface. Sufficient DNA deposition solution is added to the vial so as to completely cover the 
electrode surface. The gold substrate is allowed to incubate at ambient temperature or slightly above 
ambient temperature for a period of time ranging from seconds to hours, with 5-30 minutes being 
preferred. After the initial incubation, the deposition solution is removed and a solution of diluent 
molecule only (from about 1 pM to 10 mWI. with from about 100 uM to about 1.0 mM being preferred) in 
organic solvent is added. The gold substrate is allowed to incubate at room temperature or above 
room temperature for a period of time (seconds to days, with from about 10 minutes to about 24 hours 
being preferred). The gold sample is removed from the solution, rinsed in clean solvent and used. 

In a preferred embodinrent. an aqueous deposition solution is used. As above, a clean gold surface is 
placed into a clean vial. A DNA deposition solution in water is prepared in which the total thiol 
concentration is between about 1 uM and 10 mM. with from about 1 mM to about 200 uM being 
preferred. The aqueous solution frequently has salt present (up to saturation, with approximately 1M 
being preferred), however pure water can be used. The deposition solution contains thiol modified 
DNA and often a thiol diluent molecule. The ratio of DNA to diluent is usually between between 1000:1 
to 1:1000. with from about 10:1 to about 1:10 being preferred and 1:1 being especially preferred. The 
DNA deposition soluBon is added to the vial in such a volume so as to completely cover the electrode 
surface. The gold substrate is allowed to incubate at ambient temperature or slightly above ambient 
temperature for 1-30 minutes with 5 minutes usually being sufficient. After the initial incubation, the 
deposition solution is removed and a solution of diluent molecule only (10 uM -1.0 mM) in either water 
or organic solvent is added. The gold substrate is allowed to incubate at room temperature or above 
room temperature until a complete monolayer is fomied (10 minutes-24 hours). The gold sample is 
removed from the solution, rinsed in clean solvent and used. 
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In a preferred mbcdiment as outlir,ed herein, a cin:urt toar6 is used as the substrate f r the gold 
electrodes. Formation of the SA..S on the goid surface is generally done by first cleaning the boards 
for example in a 10% sulfuric add solution for 30 seconds, detergent solutions, aqua regia. plasma ' 
etc., as outlined herein. Following the sulfuric acid treatment, the boards are washed, for example via 
■mmersion in two Milli-Q water baths for 1 minute each. The boards are then dried, for example under 
a stream of nitrogen. Spotting of the deposition solution onto the boards is done using any number of 
known spotting systems, generally by ptecing the boards on an X-Y table, preferably in a humidrty 
Chamber. The size of the spotting drop m vary wfth the size of the electrodes on the boards and the 
equipment used for delivery of the solution; for example, for 250 pM size electrodes, a 30 nanolter 
drop ,s used. The volume should be sufficient to cover the electrode surface completely. The drop is 
■ncubated at room temperature for a period of time (sec to overnight, with 5 minutes preferred) and 
then the drop is removed by rinsing in a Milli-Q water bath. The boards are then preferably treated 
wrth a second deposition solution, generally comprising insulator in organic solvent, preferably 
acetohitrile by immersion in a 45'C bath. After 30 minutes, the boards are removed and immersed in 
an acetonitnle bath for 30 seconds followed by a mil W water bath for 30 seconds. The boards are 
dned under a stream of nitrogen, 

in a preferred embodiment, the detection electrode further comprises a capture binding ligand 
pr^rabV c^valentfy attached. By "binding ligand" or "binding species" herein is mean, a com"pound 
that IS used to probe for the presence of the target analyte. that will bind to the target analyte In 
general, for most of the embodiments described herein, there are at least two binding ligands used per 
target analyte molecule; a "capture" or "anchor" binding ligand (also referred to herein as a "capture 
probe . particularly in referenceio a nucleic acid binding ligand) that is attached to the detection 
electrode as described herein, and a soluble binding ligand. that binds independently to the target 
analyte. and either directly or indirectly comprises at least one ETM. 

Generally, the capture binding ligand allows the attachment of a target analyte to the detection 
electrode, for the purposes of detection. As is more fully outlined below, attachment of the target 
anah^e to the capture binding ligand may be direct (i.e. the target ana^te binds to the capture binding 
ligand) or indirect (one or more capture extender ligands may be used). 

in a p^ferred embodiment, the binding is specfic. and the binding ligand is part of a binding pair By 
specifically bind" herein is meant that the ligand binds the analyte. with specificity sufficient to 
differentiate between the analyte and other components or contaminants of the test sampte However 
as WIN be appreciated by those in the art, it will be possible to detect analytes using binding that is not " 
highly specific; for example, the systems may use different binding ligands. for example an array of 
different ligands. and detection of any particular ana^e is via its "signature" of binding to a panel of 
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binding ligands. similar to th manner in which "electronic noses" work. The binding should be 
sufficent to allow th analyte to remain bound under the conditions of th assay, including wash steps 
to remove non-specific binding. In some embodiments, for example in the detection of certain 
biomolecules, the binding constants of the analyte to the binding ligand will be at least about 10- to 10" 
M \ With at least about 10"' to 10 « being preferred and at least about 10 ' to lO ' M- being particularly 
preferred. ' 



As will be appreciated by those in the art. the composition of the binding ligand will depend on the 
compose Of the target analyte. Binding ligands to a wide variety of analytes are known or can be 
readrly found using known techniques. For example, when the analyte is a single-stranded nucleic 
acid, the binding ligand is general^ a substantially complementary nucleic acid. Alternatively as is 
generally described in U.S. Patents 5.270.163, 5.475.096, 5.567.588. 5.595,877. 5.637.459 ' 
5.683.867. 5.705,337. and related patents, hereby incorporated by reference, nucleic acid "aptomers" 
can be developed for binding to virtually any target analyte. Similarly the analyte may be a nucleic 
acid binding protein and the capture binding ligand is either a single-stranded or double-stranded 
nucleic acid; alternatively, the binding ligand may be a nucleic acid binding protein when the analyte is 
a single or double-stranded nucleic acid. When the analyte is a protein, the binding ligands include 
proteins (particulariy including antibodies or fragments thereof (FAbs. etc.)). small molecules or 
aptamers.desc^bed above. Preferred binding ligand proteins include peptides. For example when 
the analyte is an enzyme, suitable binding l^ands include substrBtes. inhibitors, and other proteins 
that bind the enzyme, i.e. components of a murti-enzyme (or protein) complex. As will be appreciated 
by those ,n the art. any two molecules that will associate, preferably specifically, may be used eitiier 
as the analyte or the binding ligand. Suitable analyte/binding ligand pair, include, but are not 'limited 
to. antibodies/antigens, receptorsfligand. proteins/nucleic acids; nucleic acids/nucleic acids 
enzymes/substrates and/or inhibitors, carbohydrates (including glycoproteins and g^colipidsVlectins 
carbohydrates and other binding partners, proteins/proteins; and protein/small molecules. These may 
be Wild-type or denvative sequences. In a preferred embodiment, the binding ligands are porttons 
particularty the extracellular portions) of cell surface receptors that are known to multimerize. such as 
the growth hormone receptor, glucose transporters (particularly GLUT4 receptor), transferrin receptor 
ep,dem,al growth factor receptor, low density lipoprotein receptor, high density lipoprotein receptor ' 
leptn receptor, interieukin receptors including IL-1. IL-2. IL-3. IL-4. IL-5. IL-6, IL-7 IL-8 lL-9 lL-11 IL 
12, IL-13. lL-15 and lL-17 receptors, VEGF receptor. PDGF receptor. EPO receptor. TPO recepto^ 
ciliary neurotrophic factor receptor, prolactin receptor, and T-cell receptors. Similariy. there is a wide 
body Of literature relating to the development of binding partners based on combinatorial chemistry 
methods. ' 
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In this mbodiment, when the binding ligand is a nucleic acid, prefenred compositions and techniques 
are outlined in WO 98/20162; PCT/US98/12430; PCT/US98/12082; PCT/US99/01 705; 
PCT/US99/01703; and U.S.S.N.s 09/135.183; 60/105,875; and 09/295.691, all of which are hereby 
expressly incorporated by reference. 

The method of attachment of the capture binding ligands to the attachment linker (either an insulator or 
conductive oligomer) will generally be done as is known in the art. and wilt depend on both the 
composition of the attachment linker and the capture binding ligand. In general, the capture binding 
ligands are attached to the attachment linker through the use of functional groups on each that can 
then be used for attachment. Prefenred functional groups for attachment are amino groups, carboxy 
groups. 0X0 groups and thiol groups. These functional groups can then be attached, either directly or 
indirectly through the use of a linker, sometimes depicted herein as "2". Linkers are well known in the 
art; for example, homo-or hetero-bifunctional linkers as are well known (see 1994 Pierce Chemical 
Company catalog, technical section on cross-linkers, pages 155-200, incorporated herein by 
reference). Prefen-ed Z linkers include, but are not limited to. alkyi groups (including substituted alkyi 
groups and alkyi groups containing heteroatom moieties), with short alkyi groups, esters, amide, 
amine, epoxy groups and ethylene glycol and derivatives being preferred, with propyl, acetylene, and 
C2 alkene being especially prefen-ed. Z may also be a sulfone group, fomning sulfonamide linkages. 

In this way, capture binding ligands comprising proteins, lectins, nucleic acids, small organic 
molecules, carbohydrates, etc. can be added. 

A prefen-ed embodiment utilizes proteinaceous capture binding ligands. As is known in the art, any 
number of techniques may be used to attach a proteinaceous capture binding ligand to an attachment 
linker. A wide variety of techniques are known to add moieties to proteins. 

A prefen-ed embodiment utilizes nucleic adds as the capture binding ligand. While most of the 
following discussion focuses on nucleic acids, as will be appreciated by those in the art. many of the 
techniques outlined below apply in a similar manner to non-nucleic acid systems as well. 

The capture probe nucleic acid is covalently attached to the electrode, via an "attachment linker", that 
can be either a conductive oligomer (required for mechanism-1 systems) or an insulator. By 
"covalently attached" herein is meant that two moieties are attached by at least one bond, including 
Sigma bonds, pi bonds and coordination bonds. 
35 

Thus, one end of the attachment linker Is attached to a nucleic acid (or other binding ligand), and the 
other end (although as will be appreciated by those in the art. it need not be the exact terminus for 
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eith r) is attached to th electrode. Thus, any of structures depicted herein may further comprise a 
nucleic acid effectively as a terminal group. Thus, th present invention provid s compositions 
comprising nucleic acids covalently attached to lectrodes as is generally depicted below in Structure 
17: 



In Structure 17. the hatched marks on the left represent an electrode. X is a conductive oligomer and I 
is an insulator as defined herein. is a linkage that allows the covalent attachment of the electrode 
and the conductive oligomer or insulator, including bonds, atoms or linkers such as is described 
herein, for example as "A", defined below. is a linkage that allows the covalent attachment of the 
conductive oligomer or insulator to the nucleic acid, and may be a bond, an atom or a linkage as is 
herein described. may be part of the conductive oligomer, part of the insulator, part of the nucleic 
acid, or exogeneous to both, for example, as defined herein for "Z", 

In a preferred embodiment, the capture probe nucleic acid is covalently attached to the electrode via a 
conductive oligomer The covalent attachment of the nucleic acid and the conductive oligomer may be 
accomplished in several ways. In a preferred embodiment, the attachment Is via attachment to the 
base of the nucleoside, via attachment to the backbone of the nucleic acid (either the ribose. the 
phosphate, or to an analogous group of a nucleic acid analog backbone), or via a transition metal 
ligand, as described below. The techniques outlined below are generally described for naturally 
occuring nucleic acids, although as will be appreciated by those in the art, similar techniques may be 
used with nucleic acid analogs, and in some cases with other binding ligands. 

In a prefen-ed embodiment, the conductive oligomer is attached to the base of a nucleoside of the 
nucleic acid. This may be done in several ways, depending on the oligomer, as is described below. In 
one embodiment, the oligomer is attached to a terminal nucleoside, i.e. either the 3' or 5' nucleoside of 
the nucleic acid. Altematlvely, the conductive oligomer is attached to an internal nucleoside. 

The point of attachment to the base will vary with the base. Generally, attachment at any position is 
possible. In some embodiments, for example when the probe containing the ETMs may be used for 
hybridization (i.e. mechanism-1 systems) , it is preferred to attach at positions not involved in hydrogen 
bonding to the complementary base. Thus, for example, generally attachment is to the 5 or 6 position 
of pyrimidines such as uridine, cytosine and thymine. For purines such as adenine and guanine, the 
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linkage is preferably Via th 8 position. Attachment to non-standard bases is preferably don at the 
comparable positions. 

In one embodiment, the attachment is direct; that is, there are no intervening atoms between the 
conductive oligomer and the base. In this embodiment, for example, conductive oligomers with 
temiinal acetylene bonds are attached directly to the base. Structure 18 is an example of this linkage 
using a Structure 3 conductive oligomer and uridine as the base, although other bases and conductive 
oligomers can be used as will be appreciated by those in the art- 
Structure 18 




It should be noted that the pentose structures depicted herein may have hydrogen, hydroxy, 
phosphates or other groups such as amino groups attached. In addition, the pentose and nucleoside 
structures depicted herein are depicted non-conventionally. as mirror images of the normal rendering 
In addition, the pentose and nucleoside structures may also contain additional groups, such as 
protecting groups, at any position, for example as needed during synthesis. 

In addition, the base may contain additional modifications as needed, i.e. the carbonyl or amine groups 

may be altered or protected. 

In an alternative embodiment, the attachment is any number of different Z linkers, including amide and 
amine linkages, as is generally depicted in Structure 19 using uridine as the base and a Structure 3 

oligomer: 

Structure 19: 
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In this embodiment. Z is a linker. Preferably, Z is a short linker of about 1 to about 10 atoms, with from 
1 to 5 atoms b ing preferred, that may or may not contain alkene, alkynyl. amine, amide, azo. imine. 
etc.. bonds. Linkers are known in the art; for example, homo-or hetero-bifunctional linkers as are w II 
known (see 1994 Pierce Chemical Company catalog, technical section on cross-linkers, pages 
155-200. incorporated herein by reference). Preferred Z linkers include, but are not limited to. alkyi 
groups (including substituted alkyI groups and alkyI groups containing heteroatom moieties), with short 
alkyI groups, esters, amide, amine, epoxy groups and ethylene glycol and derivatives being preferred, 
with propyl, acetylene, and C^ alkene being especially preferred. Z may also be a sulfbne group, 
fbnning sulfonamide linkages as discussed below. 



via 



In a preferred embodiment, the attachment of the nucleic acid and the conductive oligomer is done 
attachment to the backbone of the nucleic acid. This may be done in a number of ways, including 
attachment to a ribose of the ribose-phosphate backbone, or to the phosphate of the backbone, or 
other groups of analogous backbones. 

As a preliminaiy matter, it should be understood that the site of attachment in this embodiment may be 
to a 3- or 5' terminal nucleotide, or to an intemal nucleotide, as is more fully described below. 

In a preferred embodiment, the conductive oligomer is attached to the ribose of the ribose-phosphate 
backbone. This may be done in several ways. As is known in.the art. nucleosides that are modified at 
either the 2 or 3' position of the ribose with amino groups, sulfur groups, silicone groups, phosphorus 
groups, or oxo groups can be made (Imazawa et al., J. Org. Chem., 44:2039 (1 979); Hobbs et al., J. 
Org. Chem. 42(4):714 (1977); Verheyden et al., J. Orrg. Chem. 36(2):250 (1971); McGee et al.. J. 
Org. Chem. 61:781-785 (1996); Mikhailopulo el al., Liebigs. Ann. Chem. 513-519 (1993); McGee et al.. 
Nucleosides & Nucleotides 14(6):1329 (1995), all of which are incorporated by reference). These 
modified nucleosides are then used to add the conductive oligomers. 

A preferred embodiment utilizes amino^nodified nucleosides. These amino-modified riboses can then 
be used to fom^ either amide or amine linkages to the conductive oligomers. In a preferred 
embodiment, the amino group is attached directly to the ribose, although as will be appreciated by 
those in the art, short linkers such as those described herein for "Z" may be present between the 
amino group and the ribose. 

In a preferred embodiment, an amide linkage is used for attachment to the ribose. Preferably, if the 
conductive oligomer of Structures 1-3 is used, m is zero and thus the conductive oligomer temiinates 
in the amide bond. In this embodiment, the nitrogen of the amino group of the amino-modified ribose 
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is the "D" atom of the conductive oligomer Thus, a preferred attachment of this embodiment i 
depicted in Structure 20 (using the Structure 3 conductive oligomer): 

Stmcture 20 




As will be appreciated by those in the art, Structure 20 has the terminal bond fixed 



as an amide bond. 



In a preferred embodiment a heteroatom linkage is used. i.e. oxo. amine, sulfur, etc. A preferred 
embodiment utilizes an amine linkage. Again, as outlined above for the amide linkages, for amine 
linkages, the nitrogen of the amino-modified ribose may be the "D" atom of the conductive oligomer 
when the Structure 3 conductive oligomer is used. Thus, for example. Structures 21 and 22 depict 
nucleosides with the Structures 3 and 9 conductive oligomers, respectively, using the nitrogen as the 
heteroatom, athough other heteroatoms can be used: 

Structure 21 



bas 




In Structure 21 . preferably both m and t are not zero. A preferred Z here is a methylene group, or 
other aliphatic alkyi linkers. One, two or three carbons in this position are particularly useful for 
synthetic reasons. 



Structure 22 





R 

In Structure 22. Z is as defined above. Suitable linkers include methylene and ethylene. 

in an alternative embodiment, the conductive oligomer is covalently attached to the nucleic acid via the 
phosphate of the ribose-phosphate backbone (or analog) of a nucleic acid. In this embodiment the 
attachment is direct, utilizes a linker or via an amide bond. Structure 23 depicts a direct linkage, and 
Structure 24 depicts linkage via an amide bond (both utilize the Structure 3 conductive oligomer, 
although Structure 8 conductive oligomers are also possible). Structures 23 and 24 depict the 
conductive oligomer in the 3' position, although the 5' position is also possible. Furthemiore. both 
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structures 23 and 24 depict naturally occurring pt,osphodiester bonds, although as those in the art will 
appreciate, non-standard analogs of phosphodiester bonds may also be used. 




in Structure 23. if the temiinal Y is present (i.e. m=1). then preferably Z is not present (i.e. t=0) If the 
temiinal Y is not present then Z is preferably present. 

Structure 24 depicts a preferred embodiment, wherein the tem,inal B-D bond is an amide bond the 
terminal Y is not present, and Z is a linker, as defined herein. 

Structure 24 




in a preferred embodiment, the conductive oligomer is covalently attached to the nucleic acid via a 
transition metal ligand. In this embodiment, the conductive oligomer is covalen«y attached to a ligand 
whic provides one or more of the coordination atoms for a trans.on metal, in one embodiment the 
ngand to Which the conductive oligomer is attached also has the nucleic acid attached, as is generally 
depicted below in Structure 25. Alternatively, the conductive oligomer is attached to one ligand and 
t^e nucleic acid is attached to another iigand. as is general^ depicted below in Structure 26. Thus in 
presence of the transition metal, the conductive oligomer is covalenfly attached to the nucleic acid 
Both of these structures depict Structure 3 conductK^e oligomers, although other oligomers may be ' 
utilized. Structures 25 and 26 depict two representative structures: 

Sbaicture 25 



nucleicacid 
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In the structures depicted herein, M is a metal atom, with transition metals being preferred. Suitable 
transition metals for use in the invention include, but are not limited to, cadmium (Cd), copper (Cu). 
cobalt (Co), palladium (Pd), zinc (Zn). iron (Fe), ruthenium (Ru). rhodium (Rh), osmium (Os). rhenium 
(Re), platinium (PI), scandium (Sc). titanium (Ti). Vanadium (V). chromium (Cr). manganese (Mn). 
nickel (Ni). Molybdenum (Mo), technetium (To), tungsten (W). and iridium (Ir). That is. the first series 
of transition metals, the platinum metals (Ru, Rh. Pd. Os. Ir and Pt), along>with Fe, Re. W, Mo and Tc, 
are preferred. Particularly preferred are ruthenium, rhenium, osmium, platinium. cobalt and iron. 

L are the co-ligands, that provide the coordination atoms for the binding of the metal ion. As will be 
appreciated by those in the art, the number and nature of the co-ligands will depend on the 
coordination number of the metal ion. Mono-, di- or polydentate co-ligands may be used at any 
position. Thus, for example, when the metal has a coordination number of six, the L from the tenninus 
of the conductive oligomer, the L contributed from the nucleic acid, and r, add up to six. Thus, when 
the metal has a coordination number of six. r may range from zero (when all coordination atoms are 
provided by the other two ligands) to four, when all the co-ligands are monodentate. Thus generally, r 
will be from 0 to 8. depending on the coordination number of the metal ion and the choice of the other 
ligands. 

In one embodiment, the metal ion has a coordination number of six and both the ligand attached to the 
25 conductive oligomer and the ligand attached to the nucleic acid are at least bidentate; that is, r is 

preferably zero, one (i.e. the remaining co-ligand is bidentate) or two (two monodentate co-ligands are 
used). 



30 



35 



As will be appreciated in the art the cc^ligands can be the same or different. Suitable ligands fall into 
two categories: ligands which use nitrogen, oxygen, sulfur, cattoon or phosphorus atoms (depending 
on the metal ion) as the coordination atoms (generally refeaed to in the literature as sigma (o) donors) 
and organometallic ligands such as metallocene ligands (generally refen-ed to in the literature as pi (n) 
donors, and depicted herein as L J. Suitable nitrogen donating ligands are well known in the art and 
include, but are not limited to. NH^; NHR; NRR'; pyridine; pyrazine; isonicotinamide; imidazole; 
bipyridine and substituted derivatives of bipyridine; terpyridine and substituted derivatives; 
phenanthrolines, particularly 1,10-phenanthroline (abbreviated phen) and substituted derivatives of 
phenanthrolines such as 4,7-dimethylphenanthroline and dipyridol(3.2-a:Z.3'-c]phenazine (abbreviated 
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dppz): dipyridophenazine; 1. 4.5.8.9. 12-hexaazatriphenylen (abbreviated hat); 9,10- 
phenanthrenequinonediimin (abbreviated phi); 1.4,5.8-tetraazaph nanthrene (abbreviated tap); 
1,4,8.11-tetra-azacyciotetradecane (abbreviated cyclam), EDTA, EGTA and isocyanide. Substituted 
derivatives, including fused derivatives, may also be used. In some embodiments, porphyrins and 
substituted derivatives of the porphyrin family may be used. See for example, Comprehensive 
Coordination Chemistry, Ed. Wilkinson et al., Pergammon Press, 1987, Chapters 13.2 (pp73-98) 21 1 
(pp. 813-898) and 21.3 (pp 915-957), all of which are hereby expressly incorporated by reference. 

Suitable Sigma donating ligands using carbon, oxygen, sulfur and phosphorus are known in the art. 
For example, suitable sigma carbon donors are found in Cotton and Wilkenson. Advanced Organic 
Chemistry. 5th Edition, John Wiley & Sons, 1988. hereby incorporated by reference: see page 38. for 
example. Similarly, suitable oxygen ligands include crown ethers, water and others known in the art. 
Phosphines and substituted phosphines are also suitable; see page 38 of Cotton and Wilkenson. 

The oxygen, sulfur, phosphorus and nitrogen-donating ligands are attached in such a manner as to 
allow the heteroatoms to serve as coordination atoms. 

in a preferred embodiment, organometallic ligands are used. In addition to purely organic compounds 
for use as redox moieties, and various transition metal coordination complexes with 5-bonded organic 
llgand with donor atoms as heterocyclic or exocyclic substituents. there Is available a wide variety of 
transition metal organometallic compounds with n-bonded organic ligands (see Advanced Inorganic 
Chemistry. 5th Ed.. Cotton & Wilkinson. John Wiley & Sons. 1988. chapter 26; Organometallics A 
Concise Introduction. Elschenbroich et al.. 2nd Ed.. 1992, VCH; and Comprehensive Organometallic 
Chemistry II, A Review ofthe Literature 1982-1994, Abel etal. Ed.. Vol. 7. chapters 7. 8. 10&11. 
Pergamon Press, hereby expressly incorporated by reference). Such organometallic ligands include 
cyclic aromatic compounds such as the cyclopentadienide ion [C5H,(-1)] and various ring substituted 
and ring fused derivatives, such as the indenylide (-1) ion, that yield a class of bis(cyclopentadieyl) 
metalcompounds.(i.e.themetallocenes):seeforexampleRobinsetal..J. Am. Chem. Soc. 
104:1882-1893 (1982); and Gassmanetal., J. Am. Chem. Soc. 108:4228-4229(1986). 
incorporated by reference. Of these, ferrocene [(C5H,),FeJ and its derivatives are prototypical 
examples which have been used in a wide variety of chemical (Connelly et al.. Chem. Rev. 96:877- 
910 (1996), incorporated by reference) and electrochemical (Geiger et al.. Advances in Organometallic 
Chemistry 23:1-93; and Geiger et al.. Advances in Organometallic Chemistry 24:87, incorporated by 
reference) electron transfer or "redox" reactions. Metallocene derivatives of a variety of the first, 
second and third row transition metals are potential candidates as redox moieties that are covalenfly 
attached to eittier the ribose ring or the nucleoside base of nucleic acid. Other potentially suitable 
organometallic ligands include cyclic arenes such as benzene, to yield bis(arene)metal compounds 



56 



wo 99/67425 

PCT/US99/14191 

and their ring substituted and ring fused derivatives, of which bis{benzene)chromium is a prototypical 
example. Other acyclic n-bonded ligands such as the allylM ) ion. or butadi ne yield potentially 
suitable organometallic compounds, and all such ligands. in conjuctbn with other n-bonded and 5- 
bonded ligands constitute the general class of organometallic compounds in which there is a metal to 
carbon bond. Electrochemical studies of various dimers and oligomers of such compounds with 
bndg.ng organic ligands. and addifional non-bridging ligands. as well as with and without metal-metal 
bonds are potential candidate redox moieties in nucleic acid analysis. 

When one or more of the co-ligands is an organometallic ligand. the ligand is generally attached via 
one Of the carbon atoms of the organometallic ligand. although attachment may be via other atoms for 
heterocyclic ligands. Preferred organometallic ligands include metallocene ligands including 
^bstituted derivatives and the metalloceneophanes (see page 1174 of Cotton and Benson supra) 
For example, derivatives of metallocene ligands such as methylcyclopentadienyl. with multiple methyl 
gmups being preferred, such as pentamethylcyclopentadienyl, can be used to increase the stability of 
the metallocene. In a preferred embodiment, only one of the two metallocene ligands of a metallocene 
are derivatized. 



AS descnbed herein, any combination of ligands may be used. Preferred combinations include- a) all 
l-gands are nitrogen donating ligands; b) all ligands are organometallic ligands; and c) the ligand at the 
tem,.nus of the conductive ol^omer is a metallocene ligand and the ligand provided by the nucleic acid 
.s a nitrogen donating ligand. with the other ligands. if needed, are efther nit«,gen donating ligands or 
metallocene ligands, or a mixture. These combinations are depicted in representative structures using 
the conductive oligomer of Structure 3 are depicted in Structures 27 (using phenanttiroline and amino 
as representative ligands). 28 (using ferrocene as the metal-ligand combination) and 29 (using 
cyclopentadienyl and amino as representative ligands). 

Sttucture 27 




Structure 28 
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Structure 29 



In a preferred embodiment, the ligands used in the invention show altered fluoroscent properties 
depending on the redox state of the chelated metal ion. As described below, this thus serves as an 
additional mode of detection of electron transfer between the ETM and the electrode. 

In addition, similar methods can be used to attach proteins to the detection electrode; see for example 
U.S. Patent No. 5,620,850, hereby incorporated by reference. 

In a preferred embodiment, as is described more fully below, the ligand attached to the nucleic acid is 
an amino group attached to the 2' or 3' position of a ribose of the ribose-phosphate backbone. This 
ligand nray contain a multiplicity of amino groups so as to form a polydentate ligand which binds the 
metal ion. Other prefenred ligands include cyclopentadiene and phenanthroline. 

The use of metal ions to connect the nucleic acids can serve as an internal control or calibration of the 
system, to evaluate the number of available nucleic acids on the surface. However, as will be 
appreciated by those in the art, if metal ions are used to connect the nucleic acids to the conductive 
oligomers, it is generally desirable to have this metal ion complex have a different redox potential than 
that of the ETMs used in the rest of the system, as described below. This is generally true so as to be 
able to distinguish the presence of the capture probe from the presence of the target sequence. This 
may be useful for identification, calibration and/or quantification. Thus, the amount of capture probe 
on an electrode may be compared to the amount of hybridized double stranded nucleic acid to quantify 
the amount of target sequence in a sample. This is quite significant to serve as an intemal control of 
the sensor or system. This allows a measurement either prior to the addition of target or after, on the 
saoie molecules that will be used for detection, rather than rely on a similar but different control 
system. Thus, the actual molecutes that will be used for the detection can be quantified prior to any 
experiment. This is a significant advantage over prior methods. 

In a preferred embodiment, the capture probe nucleic acids {or other binding ligands) are covalently 
attached to the electrode via an insulator. The attachment of nucleic acids (and other binding ligands) 
to insulators such as alkyi groups is well known, and can be done to the base or the backbone, 
including the ribose or phosphate for backbones containing these moieties, or to alternate backbones 
for nucleic acid analogs. 
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In a preferred embodiment, ther may be one or more different capture probe species on the surface- 
In som embodiments, there may be one type of capture probe, or one type of capture probe 
extender, as is more fully described b low. Alternatively, different capture probes, or one capture 
probes with a rhultiplicity of different capture extender probes can be used. Similarly, it may be 
desirable (particular in the case of nucleic acid analytes and binding ligands in mechanism-2 systems) 
to use auxiliary capture probes that comprise relatively short probe sequences, that can be used to 
"tack down" components of the system, for example the recruitment linkers, to increase the 
concentration of ETMs at the surface. 

Thus the present invention provides substrates comprising at least one detection electrode comprising 
monolayers and capture binding iigands. useful in target analyte detection systems. 

In a prefenred embodiment, the compositions further comprise a solution or soluble binding llgand, 
although as is more fully described below, for mechanism-1 systems, the ETMs may be added in the 
form of non-covalently attached hybridization indicators. Solution binding ligands are similar to 
capture binding ligands, in that they bind, preferably specifically, to target analytes. The solution 
binding ligand may be the same or different from the capture binding ligand. Generally, the solution 
binding ligands are not directed attached to the surface, although as depicted in Figure 6A they may 
be. The solution binding ligand either directly comprises a recruitment linker that comprises at least 
one ETM (Figure 4A), or the recmitment linker binds, either directly (Figure 4A) or indirectly (Figure 
4E), to the solution binding ligand. 

Thus, "solution binding ligands" or "soluble binding ligands" or "signal carriers" or "label probes" or 
"label binding ligands" with recruitment linkers comprising covalently attached ETMs are provided. 
That is, one portion of the label probe or solution binding ligand directly or indirectly binds to the target 
analyte. and one portion comprises a recmitment linker comprising covalently attached ETMs. In 
some systems, for example in mechanism-1 nucleic acid systems, these may be the same, Similariy. 
for mechanism-1 systems, the recmitment linker comprises nucleic acid that will hybridize to detection 
probes. The terms "electron donor moiety", "electron acceptor moiety", and "ETMs" (ETMs) or 
grammatical equivalents herein refers to molecules capable of electron transfer under certain 
conditions. It is to be understood that electron donor and acceptor capabilities are relative; that is, a 
molecule which can lose an electron under certain experimental conditions will be able to accept an 
electron under different experimental conditions. It is to be understood that the number of possible 
electron donor moieties and electron acceptor moieties is very large, and that one skilled in the art of 
electron transfer compounds will be able to utilize a number of compounds in the present invention. 
Preferred ETMs include, but are not limited to. transition metal complexes, organic ETMs, and 
electrodes. 



59 



wo 99/67425 



PCTAJS99/I4191 



In a preferred embodiment, the ETMs are transition metal complexes. Transition metals are those 
whose atoms hav a partial or complete d shell of electrons. Suitable transition metals for use in the 
invention are lifted above. 

The transition metals are complexed with a variety of ligands. L. defined above, to form suitable 
transition metal complexes, as is well known in the art 

In addition to transition metal complexes, other organic electron donors and acceptors may be 
covalently attached to the nucleic acid for use in the invention. These organic molecules include, but 
are not limited to, riboflavin, xanthene dyes, azine dyes, acridine orange. /V,/V-dimethyl-2,7- 
diazapyrenium dichloride (DAP^*). methylviologen. ethidium bromide, quinones such as N.N'- 
dimethylanthra(2.1,9-def6,5,10-crer)diisoquinoline dichloride (ADIQ^*); porphyrins ([meso-tetrakis(N- 
methyl-x-pyridinium)porphyrin tetrachloride], variamine blue B hydrochloride. Bindschedlei^s green; 
2.6-dichloroindophenol. 2,6-dibromophenolindophenol; Brilliant crest blue (3-amino-9-dimethy!-amino- 
10-methylphenoxyazine chloride), methylene blue; Nile blue A (aminoaphthodiethylamlnophenoxazine 
sulfate). indigo-5,5',7.r-tetrasulfonicacid. indigo-5.5\7-trisulfonlc acid; phenosafranine, indigo-5- 
monosulfonic acid; safranine T; bis(dimethylglyoximato)-iron(ll) chloride; induline scartet. neutral red, 
anthracene, coronene. pyrene, 9-phenylanthracene. rubrene, binaphthyl. DPA. phenothiazene. 
fluoranthene, phenanthrene. chrysene, 1,8-diphenyl-1,3.5.7-octatetracene, naphthalene, 
acenaphthalene. perylene, TMPD and analogs and subsitituted derivatives of these compounds. 

In one embodiment, the electron donors and acceptors are redox proteins as are known in the art 
However, redox proteins in many embodiments are not preferred. 

In one embodiment, particularly when an electrophoresis step is used, the ETMs are chosen to be 
charged molecules, preferably when the target analyte is not charged. Thus, for example, solution 
binding ligands that either directly or indirectly contain a number of charged ETMs can be bound to the 
target analyte prior to electrophoresis, to allow the target analyte to have a sufficient charge to move 
within the electric field, thus providing a dual purpose of providing charge and a detection moiety. 
Thus for example, label probes that contain charged ETMs may be used, that bind either directly to the 
target analyte or to an intemiediate species such as an amplifier probe can be used. Alternatively, 
other charged species can be added in addition to the ETMs. Alternatively, these charges species 
may also be an integral part of the system; for example, part of the label probe may be a charged 
polymer such as polylysine. However, in this embodiment, the migration of non-specifically bound 
label probes to the detection surface can result in an increase in non-specific signals. Therefore, in 
this embodiment, the use of a reverse electric field (generally a pulse of reverse polarity) after 
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electrophor sis can result In the non-speclfically bound label probes being driven off or away from the 
detection probe surface, to decrease the background non-specific signal. 

The choice of the specific ETMs will be influenced by the type of electron transfer detection used as Is 
generally outlined below. Preferred ETMs are metallocenes. with ferrocene, including derivatives, 
being particularly preferred. 

In a preferred embodiment, a plurality of ETMs are used. As is shown in the examples, the use of 
multiple ETMs provides signal amplification and thus allows more sensitive detection limits. As 
discussed below, while the use of multiple ETMs on nucleic acids that hybridize to complementary 
strands can cause decreases in T„s of the hybridization complexes depending on the number, site of 
attachment and spacing between the multiple ETMs. this Is not a factor when the ETMs are on the 
recruitment linlcer (i.e. "mechanism-r systems), since this does not hybridize to a complementary 
sequence. Accordingly, pluralities of ETMs are preferred, with at least about 2 ETMs per recruitment 
hnker being preferred, and at least about 10 being particulariy preferred, and at least about 20 to 50 
being especially preferred. In some instances, very large numbers of ETMs (50 to 1 000) can be used. 

Thus, solution binding iigands. or label probes, with covalently attached ETMs are provided The 
method of attachment of the ETM to the solution binding ligand will vary depending on the mode of 
detectton (i.e. mechanism-1 or -2 systems) and the composition of the solution binding ligand. As is 
more fully outlined below, in mechanism-2 systems, the portion of the solution binding ligand (or label 
probe) that comprises the ETM is referred to as a "recruitment linker- and can comprise efther nucleic 
acid or non-nucleic acid. For mechanism-1 systems, the recruitment linker must be nucleic acid. 

Thus, as will be appreciated by those in the art, there are a variety of configurations that can be used 
in a preferred embodiment, the recruitment linker is nucleic acid (including analogs), and attachment of 
the ETMs can be via (1) a base; (2) the backbone, including the ribose, the phosphate, or comparable 
structures in nucleic acid analogs; (3) nucleoside replacement, described below; or (4) metallocene 
polymers, as described below. In a preferred embodiment, the recruitment linker is non-nucleic acid, 
and can be either a metallocene polymer or an alkyl-type polymer (including heteroalkyl. as is more 
fully described below) containing ETM substitution groups. These options are generally depicted in 
Figure 7. 

in a prefen-ed embodiment, the recruitment linker is a nucleic acid, and comprises covalently attached 
ETMs. The ETMs may be attached to nucleosides within the nucteic acid in a variety of positions 
Preferred embodiments include, but are not limited to, (1) attachment to the base of the nucleoside (2) 
attachment of the ETM as a base replacement, (3) attachment to the backbone of the nucteic acid. 
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including either to a ribos of the ribose-phosphate backbone or to a phosphate moiety, or to 
analogous structures in nucleic acid analogs, and (4) attachment via metallocene polymers. 

In addition, as is described below, when the recruitment linker is nucleic acid, it may be desirable to 
5 use secondary label probes, that have a first portion that will hybridize to a portion of the primary label 
probes and a second portion comprising a recruitment linker as is defined herein. This is generally 
depicted in Figure 6Q and 6R: this is similar to the use of an amplifier probe, except that both the 
primary and the secondary label probes comprise ETMs. 

10 In a prefen-ed embodiment, the ETM is attached to the base of a nucleoside as is generally outlined 
above for attachment of the conductive oligomer. Attachment can be to an intemal nucleoside or a 
terminal nucleoside. 

The covalent attachment to the base will depend in part on the ETM chosen, but in general is similar to 
15 the attachment of conductive oligomers to bases, as outlined above. Attachment may generally be 
done to any position of the base. In a preferred embodiment, the ETM is a transition metal complex, 
and thus attachment of a suitable metal ligand to the base leads to the covalent attachment of the 
ETM. Alternatively, similar types of linkages may be used for the attachment of organic ETMs, as will 
be appreciated by those in the art. 

20 

In one embodiment, the C4 attached amino group of cytosine. the C6 attached amino group of 
adenine, or the C2 attached amino group of guanine may be used as a transition metal ligand. 

Ligands containing aromatic groups can be attached via acetylene linkages as is known in the art (see 
25 Comprehensive Organic Synthesis. Trost et al.. Ed.. Pergamon Press. Chapter 2.4: Coupling 

Reactions Between sp^ and sp Carbon Centers. Sonogashira. pp521-549. and pp950-953. hereby 
incorporated by reference). Structure 30 depicts a representative structure in the presence of the 
metal ion and any other necessary ligands; Structure 30 depicts uridine, although as for all the 
structures herein, any other base may also be used. 
^° Structure 30 
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L. is a ligand. which may include nitrogen, oxygen, sulfur or phosphorus donating ligands or 
organom tallic ligands such as metalloc ne ligands. Suitable L. ligands includ . but not limited to 
Phenanthroline. imidazole, bpy and terpy. U and M are as defined above. Again. It will be appreciated 
by those in the art. a linker ("Z") may be included between the nucleoside and the ETM. 

Similar^,, as for the conductive oligomers, the linkage may be done using a linker, which may utilize an 
amide linkage (see generally Telseretai.. J. Am. Chem. Soc. 111:7221-7226 (1989)- Telseret al J 
Am.Chem.Soc. ■'11:7226-7232 (1989). both of which are expressly incorporated by reference) ' 
These structures are generally depicted below in Structure 31. which again uses uridine as the base 
although as above, the other bases may also be used: 

Structure 31 




In this embodiment. L is a ligand as defined above. v«th L, and M as defined above as well 
Preferably. L Is amino, phen. byp and terpy. 

In a preferred embodiment, the ETM attached to a nucleoside is a metallocene; i.e. the L and L of 
Structure 31 are both metallocene ligands. L. as described above. StructurB 32 depicts a preferred 
embodiment wherein the metallocene is ferrocene, and the base is uridine, although other bases may 

be used; ' 

Stnjcture 32 




Preliminary data suggest that Structure 32 may cyclize, with the second acetylene carbon atom 
attacking the carbonyl oxygen. fcm,ing a furan-like structure. Preferred metallocenes include 
ferrocene, cobaltocene and osmiumocene. 
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In a preferred embodiment, the ETM is attached to a ribose at any position of the ribose-phosphate 
backbone of the nucleic acid, i.e. either the 5' or 3" tem^inus or any internal nucleoside. Ribose in this 
case can include ribose analogs. As is known in the art. nucleosides that are modified at either the 2 
or 3' position of the ribose can be made, with nitrogen, oxygen, sulfur and phosphorus-containing 
modfficat,ons possible. Amino-modified and oxygen-modified ribose is preferred. See generally PCT 
publication WO 95/15971. incorporated herein by reference. These modifica«on groups may be used 
as a transition metal ligand. or as a chemical^ functional moiety for attachment of other transition 
metal ligands and organometallic ligands. or organic electron donor moieties as will be appreciated by 
those .n the art. In this embodiment, a linker such as depicted herein for 'T may be used as well or a 
conducth/e oligomer between the ribose and the ETM. Preferred embodiments utilize attachment at 
the 2' or 3- position of the ribose. with the 2' position being preferred. Thus for example the 
conductive oligomers depicted In Structure 13. 14 and 15 may be replaced by ETMs; alternatively the 
ETMs may be added to the free terminus of the conductive oligomer. 



in a preferred embodiment, a metallocene serves as the ETM, and is attached via an amide bond „ 
depicted below in Structure 33. The examples outline the synthesis of a preferred compound when 

the metallocene is ferrocene. 



as 



Structure 33 




In a preferred emb«xJiment. amine linkages are used, as Is generally depicted in Structure 34. 

Structure 34 




ETM 



Z is a linker, as defined herein, with 1-16 atoms being preferred, and 2-4 atoms being particularly 
preferred, and t is either one or zero. 



in a preferred embodiment, oxo linkages are used, as is generally depicted in Structure 



35. 
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Structure 35 



5 




In Structure 35. Z is a linker, as defined herein, and t is either one or zero. Preferred Z linkers include 
alkyi groups including heteroalkyi groups such as (CHj)n and (CHfiHfi)n, with n from 1 to 10 being 
preferred, and n = 1 to 4 being especially preferred, and n=4 being particularly preferred. 



Linkages utilizing other heteroatoms are also possible. 

In a preferred embodiment, an ETM is attached to a phosphate at any position of the ribose-phosphate 
1 5 backbone of the nucleic acid. This may be done in a variety of ways. In one embodiment, 
phosphodiester bond analogs such as phosphoramide or phosphoramidlte linkages may be 
incorporated into a nucleic acid, where the heteroatom (i.e. nitrogen) serves as a transition metal 
ligand (see PCT publcation WO 95/15971, incorporated by reference). Altematively. the conductive 
oligomers depicted in Structures 23 and 24 may be replaced by ETMs. In a preferred embodiment. 
20 the composition has the structure shown in Structure 36. 

Structure 36 



25 



30 




In Structure 36, the ETM is attached via a phosphate linkage, generally through the use of a linker, Z. 
Preferred Z linkers include alkyI groups, including heteroalkyi groups such as (CHa)^. (CHjCHjO)^, with 
n from 1 to 10 being preferred, and n = 1 to 4 being especially preferred, and n=4 being particularly 
preferred. 



In mechanism-2 systems, when the ETM is attached to the base or the backbone of the nucleoside, it 
is possible to attach the ETMs via "dendrimer" stnjctures. as is more fully outlined betow. As is 
generally depicted in Figure 8, alkyl-based linkers can be used to create multiple branching structures 
comprising one or more ETMs at the terminus of each branch. Generally, this is done by creating 
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branch points containing multiple hydroxy groups, which optionally can then l^e used to add additional 
branch points. The temiinal hydroxy groups can then be used in phosphoramidite reactions to add 
ETMs. as is genemlly done below for th nucleoside replacement and metallocene polymer reactions. 

In a preferred embodiment, an ETM such as a metallocene is used as a "nucleoside replacement- 
serving as an ETM. For example, the distance between the two cyclopentadiene rings of ferrocene is 
similar to the orthongonal distance between two bases in a double stranded nucleic acid. Other 
metallocenes in addition to ferrocene may be used, for example, air stable metallocenes such as those 
containing cobalt or ruthenium. Thus, metallocene moieties may be incorporated into the backbone of 
a nucleic acid, as is generally depicted in Structure 37 (nucleic acid with a ribose-phosphate 
backbone) and Structure 38 (peptide nucleic acid backbone). Structures 37 and 38 depict ferrocene 
although as will be appreciated by those in the art. other metallocenes may be used as well. In 
general, air stable metallocenes are preferred, including metallocenes utilizing ruthenium and cobalt as 



the metal. 



Structure 37 

BASE 




In Structure 37, Z is a linker as defined above, with generally short, alkyi groups, including 
heteroatoms such as oxygen being preferred. Generally, what is important is the length of the linker 
such that minimal perturbations of a double stranded nucleic acid is effected, as is more fully 
described below. Thus, methylene, ethylene, ethylene glycols, propylene and butylene are all 
preferred, with ethylene and ethylene g^col being particularly preferred. In addition, each 2 linker may ' 
be the same or different. Structure 37 depicts a ribose-phosphate backbone, although as will be 
appreciated by those in the art, nucleic acid analogs may also be used, including ribose analogs and 
phosphate bond analogs. 
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Structure 38 




in structure 38. preferred Z groups are as listed above, and again, each Z .inker can be the san,e or 
different. As above, other nucleic acid analogs may be used as well. 

in addition, atthough the structures and discussion above depicts metallocenes. and pa-tcularty 
fenocene. this same general idea can be used to add ETMs in addition to metallocenes. as nucleos^le 
replacements or in polymer embodiments, descnbed below. Thus, for example, when the ETM is a 
^nsition metal complex other than a metaltocene. comprising one. two or three (or more) iigands the 
l.gands can be functionalized as depicted for the ferrocene to allow the addrtion of phosphoramidite 
groups. Particular^ preferred in this embodiment are complexes comprising at least two ring (for 
example, aryl and substituted aryl) Iigands. where each of the Iigands comprises functional groups for 
attachment via phosphoramidte chemistry. As will be appreciated by those in the art. this type of 

reaction, creating polymers of ETMS eitt,erasaportion of the backbone Of thenucleic add oras"^^^^ 
gnoups Of the nucieic acids, to allow amplication of the signals generated herein, can be done w«h 
virtually any ETM that can be functionalized to contain the co.ect chemical groups. 

Thus, by inserting a metallocene such as ferrocene (or other ETM) into ti,e backbone of a nucleic acid 
nucle,c aad analogs are made; that is. tt,e invention provides nucleic acids having a backbone ' 
comprising at least one metallocene. This is distinguished from nucleic acids having metallocenes 
2hedtothebackbone.i.e.viaaribose,aphosphate.etc.Thatis.^^ • 
Of a .ad ,onal nucieic acid or analog (nucleic acids in this case including a single nucleoside), may be 
ovae^^^^^^^^ Vieweddifferentiy.ametallocenederivlor 
tituted me^liocene is provided, wherein each of tt,e two aromatic rings of the metaiiocene has a 
nucleic acid substitutent group. 



67 



PCr/US99/14191 

In addition, as is more fully outlined below, it is possible to Incorporate more than one metallocene into 
the backbone, either with nucleotides In between and/or with adjacent metallocenes. When adjacent 
metallocenes are added to the backbone, this is similar to the process described below as 
"metallocene polymers": that is, there are areas of metallocene polymers within the backbone. 

In addition to the nucleic add substitutent groups, it is also desirable in some instances to add 
additional substituent groups to one or both of the aromatic rings of the metallocene (or ETIVI). For 
example, as these nucleoside replacements are generally part of probe sequences to be hybridized 
with a substantially complementary nucleic acid, for example a target sequence or another probe 
sequence, it is possible to add substitutent groups to the metallocene rings to facilitate hydrogen 
bonding to the base or bases on the opposite strand. These may be added to any position on the 
metallocene rings. Suitable substitutent groups include, but are not limited to, amide groups, amine 
groups, carboxylic acids, and alcohols, including substituted alcohols. In addition, these substitutent 
groups can be attached via linkers as well, although in general this is not preferred. 

In addition, substituent groups on an ETM, particularly metallocenes such as ferrocene, may be added 
to alter the redox properties of the ETM. Thus, for example, in some embodiments, as is more fully 
described below, it may be desirable to have different ETMs attached in different ways (i.e. base or 
ribose attachment), on different prabes, or for different purposes (for example, calibration or as an 
internal standard). Thus, the addition of substituent groups on the metallocene may allow two different 
ETMs to be distinguished. 

In order to generate these metaltocene-backbone nucleic acid analogs, the intermediate components 
are also provided. Thus, in a preferred embodiment, the invention provides phosphoramidite 
metallonenes. as generally depicted in Stoicture 39: 

Stmcture 39 
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In Structure 39. PG is a protecting group, generally suitable for use in nucleic acid synthesis with 
DMT. MMT and TMT all being preferred. The aromatic rings can either be the rings of the 
metallocene, or aromatic rings of ligands for transition metal complexes or other organic ETMs The 
aromatic rings may be the same or different, and may be substituted as discussed herein. Structure 
40 depicts the ferrocene derivative: 

Structure 40 
PG — 0 
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These phosphoramidite analogs can be added to standard oligonucleotide syntheses as is known in 
the art 



Structure 41 depicts the ferrocene peptide nucleic acid (PNA) monomer, that can be added to PNA 
synthesis as is known in the art: 

Structure 41 

PG NH 




30 OH 
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in Structure 41. the PG protecting group is suitable for use in peptide nucleic acid synthesis, with 

MMT, boc and Fmoc being preferred. 

These same intermediate compounds can be used to fomi ETM or metailocene polymers which are 
added to the nucleic acids, rather than as backbone replacements, as is more fully described below. 
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In a preferred embodiment, particularly for use in mechanism-2 systems, the ETMs are attached as 
pobrmers. for example as metallocen polymers, in a "branched" configuration similar to the "branched 
DNA" embodiments herein and as outlined in U.S. Patent No. 5.124,246. using modified functionalized 
nucleotides. Theg neral idea is as follows. A modified phosphoramidite nucleotide is generated that 
can ultimately contain a free hydroxy group that can be used in the attachment of phosphoramidite 
ETMs such as metallocenes. This free hydroxy group could be on the base or the backbone, such as 
the nbose or the phosphate (although as will be appreciated by those in the art. nucleic acid analogs 
containing other structures can also be used). The modified nucleotide is incorporated into a nucleic 
acd, and any hydroxy protecting groups are removed, thus leaving the free hydroxyl. Upon the 
addition of a phosphoramidite ETM such as a metallocene, as described above in structures 39 and 
40. ETMs. such as metallocene ETMs. are added. Additional phosphoramidite ETMs such as 
metallocenes can be added, to fom, "ETM polymers', including "metallocene polymers" as depicted in 
Figure 9 with ferrocene. In addition, in some embodiments, it Is desirable to increase the solubility of 
the polymers by adding a "capping" group to the temiinal ETM in the polymer, for example a final 
phosphate group to the metallocene as is generally depicted in Figure 9. Other suitable solubility 
enhancing "capping" groups will be appreciated by those in the art. It should be noted that these 
solubility enhancing groups can be added to the polymers in other places, including to the ligand rings 
for example on the metallocenes as discussed herein 

A preferred embodiment of this general idea is ouUined in the Figures. In this embodiment the 2' 
posrtion of a ribose of a phosphoramidite nucleotide is first functionalized to contain a protected 
hydroxy group, in this case via an oxo-linkage. although any number of linkers can be used as is 
general^ described herein (brZ linkers. The protected modified nucleotide is then incorporated via 
standard phosphoramidite chemistry into a growing nucleic acid. The protecting group is removed 
and the fi^e hydroxy group is used, again using standard phosphoramidite chemistry to add a 
phosphoramidite metallocene such as ferrocene. A similar reaction is possible for nucleic acid 
analogs. For example, using peptide nucleic acids and the metallocene monomer shown in Structure 
41. peptide nucleic acid structures containing metallocene polymers could be generated. 

Thus, the present invention provides recrurtment linkers of nucleic acids comprising "branches" of 
metallocene polymers as is generally depicted in Figures 8 and 9. Preferred embodiments also utiltee 
metallocene pdymers from one to about 50 metallocenes in length, with from about 5 to about 20 
being preferred and from about 5 to about 10 being especially preferred. 

In addition, when the recruitment linker is nucleic acid, any combination of ETM attachments may be 
done, m general, as outiined herein, when mechanism-1 systems are used, clusters of nucleosides 
containing ETMs can deaease the Tm of hybridization of the probe to its target sequence- thus in 
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general, for m chanism-1 systems, the ETMs are spaced out over the length of the sequence, or only 
small numbers of th m are used. 

In mechanism-1 systems, non-covalently attached ETMs may be used. In one embodiment, the ETM 
is a hybridization indicator. Hybridization indicators serve as an ETM that will preferentially associate 
with double stranded nucleic acid Is added, usually reversibly, similar to the method of Millan et al 
Anal. Chem. 65:2317-2323 (1993); Millan et al.. Anal. Chem. 662943-2948 (1994). both of which are 
hereby expressly incorporated by reference. In this embodiment, increases in the local concentration 
of ETMs, due to the association of the ETM hybridization indicator with double stranded nucleic acid at 
the surface, can be monitored using the monolayers comprising the conductive oligomers. 
Hybridization indicators include intercalators and minor and/or major groove binding moieties. In a 
preferred embodiment, intercalators may be used; since intercalation generally only occurs in the 
presence of double stranded nucleic acid, only in the presence of double stranded nucleic acid will the 
ETMs concentrate. IntercalaSng transition metal complex ETMs are known in the art Similarly, major 
or minor groove binding moieties, such as methylene blue, may also be used in this embodiment. 

In addition, the binding acceleration systems of the invention may be used in virtually any method that 
rel.es on electrochemical detection of target analytes, with particular uf lity in nucleic acid detection 
For example, the methods and compositions of the invention can be used in nucleic acid detection 
methods that rely on the detection of ETMs that are inherent to the target analyte. For example as is 
generally described in Napier et al.. Bioconj. Chem. 8:906 (1997). hereby expressly incorporated by 
reference, the guanine bases of nucleic acid can be detected via changes in the redox state, i.e. 
guanine oxidation by ruthenium complexes. Similarly, the methods of the invention find use in 
detection systems that utilize copper surfaces as catalytic electrodes to oxidize the riboses of nucteic 
acids. 



in a preferred embodiment, the recruitment linker is not nucleic acid, and instead may be any sort of 
hnker or polymer. As will be appreciated by those in the art. generally any linker or polymer that can be 
modified to contain ETMs can be used. In general, the polymers or linkers should be reasonably 
soluble and contain suitable functional groups for the addition of ETMs. 

As used herein, a "recruitment po^rmer comprises at least two or three subunits. which are covalently 
attached. At least some portion of the monomeric subunits contain functional groups Ibrthe covalent ' 
attachment of ETMs. In some embodiments coupling moieties are used to covalentV link the subunits 
with the ETMs. Preferred functional groups for attachment are amino groups, carboxy groups oxo 
groups and thiol groups, with amino groups being particularly preferred. As will be appreciated by 
those in the art, a wide variety of recruitment polymers are possible. 
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Suitable linkers include, but are not limited to, alkyi linkers (including heteroalkyi (including 
(poly)ethyl ne glycol-type structures), substituted alkyI, aryalkyi linkers, etc. As above for the 
polymers, the linkers will comprise one or more functional groups for th attachment of ETMs, which 
will be done as will be appreciated by those in the art for example through the use homo^r hetero- 
bifunctional linkers as are well known (see 1994 Pierce Chemical Company catalog, technical section 
on cross-linkers, pages 155-200, incorporated herein by reference). 

Suitable recruitment polymers include, but are not limited to, functionalized styrenes. such as amino 
styrene, functionalized dextrans. and polyamino acids. Preferred polymers are polyamino acids (both 
poly-D-amino acids and poly-L-amino acids), such as polylysine, and polymers containing lysine and 
other amino acids being particularly preferred. As outlined above, in some embodiments, charged 
recruitment linkers are preferred, for example when non-charged target analytes are to be detected. 
Other suitable polyamino acids are polyglutamic acid, polyaspartic acid, co-polymers of lysine and 
glutamic or aspartic add. co-polymers of lysine with alanine, tyrosine, phenylalanine, serine, 
tryptophan, and/or proline. 

In a preferred embodiment, the recruitment linker comprises a metallocene polymer, as is described 
above. 

The attachment of the recruitment linkers to the first portion of the label pixjbe, i.e. the portion that 
binds either directly or indirectly to the target analyte, will depend on the composition of the 
recruitment linker, as will be appreciated by those in the art. When the recruitment linker is nucleic 
acid, it is generally fomied during the synthesis of the first portion of the label probe, with incorporation 
of nucleosides containing ETMs as required. Alternatively, the first portion of the label probe and the 
recruitment linker may be made separately, and then attached. For example, there may be an 
overlapping section of complementarity, forming a section of double stranded nucleic acid that can 
then be chemically crosslinked, for example by using psoralen as is known in the art. 

When non-nucleic acid recruitment linkers are used, attachment of the linker/polymer of the 
recruitment linker will be done generally using standard chemical techniques, such as will be 
appreciated by those in the art. For example, when alkyl-based linkers are used, attachment can be 
similar to the attachment of insulators to nucleic acids. 

In addition, it is possible to have recruitment linkers that are mbrtures of nucleic acids and non-nucleic 
acids, either in a linear form (i.e. nucleic acid segments linked together with alkyI linkers) or in 
branched forms (nucleic acids with alkyI "branches" that may contain ETMs and may be additionally 
branched). 
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In a prefertBd embodiment, for example when the target anaiyte is a nucleic acid, it is the target 
sequence itself that carries the ETMs. rather than the recruitment linker of a label probe. For example 
as .s more fully described below, it is possible to enzymatically add triphosphate nucleotides 
comprising the ETMs of the invention to a growing nucleic acid, for example during a polymerase 
Chain reaction (PGR). As will be recogn^ed by those in the art. while several enzymes have been 
Shown to generally tolerate modified nucleotides, some of the modified nucleotides of the invention for 
example the "nucleoside replacement" embodiments and putatively some of the phosphate 
attachments, may or may not be recognized by the enzymes to allow incorporation into a growing 
nucleic acid. Therefore, preferred attachments in this embodiment are to the base or ribose of the 
nucleotide. 

Thus, for example. PGR amplification of a targe, sequence, as is well known in the art. will result in 
target sequences comprising ETMs. generally randomly incorporated into the sequence. The system 
of ttie invention can then be configured to allow detection using these ETMs. as is generally depicted 
m Figures 6A and 6B. 

Mernatively. as outlined more fully below, it is possible to enzymatically add nucleotides comprising 
ETMs to the temiinus of a nucleic acid, for example a target nucleic acid. In this embodiment an 

effective "recruitinent linker is added to ti^eterrninus Of the target sequence, that can then be"used for 
detection, as is generally depicted in Figure 6Q. Thus the invention provkles compositions utifeing 
electrodes comprising monolayer, of conductive oligomers and capture probes, and target sequences 
that comprises a first portion that is capable of hybridfeing to a component of an assay complex and a 
second portion that does not hybridize to a component of an assay complex and comprises at least 
one covalentiy attached electron transfer moiety. Similariy, meti^ods utilizing these compositions are 
also provided. 

It is also possible to have ETMs connected to probe sequences, i.e. sequences designed to hybrid^e 
to complementary sequences. i.e. in mechanism-1 sequences, although this may also be used in 
mechanism-2 systems. Thus, ETMs may be added to non-recruitment linkers as well. For example 
there may be ETMs added to sections of label probes that do hybridize to components of tiie assay ' 
complex, for example the first portion, or to the target sequence as outlined above and depicted in 
FigureSR. These ETMs may be used for electron transfer detection in some embodiments orthey " 
may not. depending on the totion and system. For example, in some embodiments, when for 
example the target sequence containing randomly incorporated ETMs is hybridfeed directiy to ttie 
capture probe, as is depicted in Figure 6A and 6B. there may be ETMs in the portion hybrid.ing to the 
capture probe. If the capture probe is attached to the electrode using a conductive oligomer tiiese 
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ETMs can b used to detect electron transfer as has been previous^ described. Merna«vely, these 
ETMs may not be specifically det cted. 

Similarly. In som embodim nts. when the recruitment linker is nucleic acid, it may be desirable in 
some instances to have some orall of the recruitment linker be double stranded, for example in the 
mechanism.2 systems. In one embodiment, there may be a second recruitment linker, substantially 
complementary to the first recruitment linker, that can hybridize to the first recruitment linker In a 
prefened embodiment the first recruitment linker comprises the covalent^ attached ETMs In an 
altemafive embodiment, the second recruitment linker contains the ETMs. and the first recruitment 

^er to the first, in yet another embodiment, both the first and second recruitment linkers comprise 
ETMS. It Should be noted, as discussed above, that nucleic acids comprising a large number of ETMs 
may not hybridize as well. i.e. the T„ may be decreased, depending on the site of attachment and the 
charactenstics of the ETM. Thus, in general, when multiple ETMs are used on hybridizing strands i e 
.n mechanism-1 systems, general^ there are less than about 5. with less than about 3 being preferred 
or alternatvely the ETMs should be spaced sufficiently far apart that the intervening nucleoUdes can ' 
sufficiently hybridize to allow good kinetics. 

in a preferred embodiment, the compositions of the invention are used to detect target analytes in a 
samp e^ In a preferred embodiment, the target analyte is a nucleic acid, and target sequences are 
detected. The tem, "target sequence" or grammafical equivalents herein means a nucleic acid 
sequence on a single strand of nucleic acid. The target sequence may be a portbn of a gene a 
regulatory sequent genomic DNA. cDN/, RNA including mRNA and rRN^ or other.. It mai be any 
ength. w,th the understanding that longer sequences are more specific. As will be appreciated by 
those in ^e art the complementary target sequence may take many fom.s. For example, it may be 
contained within a larger nucleic acid sequence, i.e. all or part of a gene or mRNA. a restriction 
fragment of a plasmid or genomic DNA. among others. As is outlined more fully below, probes are 

made to hybridize to target sequences todetermine the presenceorabsence Of the target sequence in 
a sample. Generally speaking, this tem, will be understood by those skilled in the art The target 

sequence may also be comprised Of different target domains; for example.afirst target domain Of the 
sample target sequence may hybrid^e to a capture probe or a portion of capture extender probe a 
second target domain may hybrid^e to a porton of an amplifier probe, a label probe, or a different 
^pJ.reorcaptu„^ 

firsr and second are not meant to confer an orientation of the sequences with respect to the 5--3- 
onentation of the target sequence. For example, assuming a S'-S^ orientation of the complementary 
target sequence, the first target domain may be located erther 5" to the second domain, or 3' to the 
second domain. 
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If required, the target analyte is prepared using known techniques. For example, the sampi may be 
treated to lyse the cells, using known lysis buffers, electroporation. etc., with purification and/or 
amplification such as PGR occuring as needed, as will be appreciated by those in the art 

5 For nucleic acid systems, the probes of the present invention are designed to be complementary to a 
target sequence (either the target sequence of the sample or to other probe sequences, as is 
described below), such that hybridization of the target sequence and the probes of the present 
invention occurs. As outlined below, this complementarity need not be perfect; there may be any 
number of base pair mismatches which will interfere with hybridization between the target sequence 
10 and the single stranded nucleic adds of the present invention. However, if the number of mutations is 
so great that no hybridization can occur undei- even the least stringent of hybridization conditions, the 
sequence is not a complementary target sequence. Thus, by "substantially complementary" herein is 
meant that the probes are sufficiently complementary to the target sequences to hybridize under 
normal reaction conditions. 

15 

Generally, the nucleic acid compositions of the invention are useful as oligonucleotide probes. As is 
appreciated by those in the art, the length of the probe will vary with the length of the target sequence 
and the hybridization and wash conditions. Generally, oligonucleotide probes range from about 8 to 
about 50 nucleotides, with from about 10 to about 30 being preferred and from about 12 to about 25 
20 being especially preferred. In some cases, very long probes may be used, e.g. 50 to 200-300 
nucleotides in length. Thus, in the structures depicted herein, nucleosides may be replaced with 
nucleic acids. 



25 



A variety of hybridization conditions may be used in the present invention, including high, moderate 
and low stringency conditions; see for example Manialis et al., Molecular Cloning: A Laboratory 
Manual, 2d Edition, 1989. and Short Protocols in Molecular Btology, ed. Ausubel, et al, hereby 
incorporated by reference. Stringent conditions are sequence-dependent and will be different in 
different circumstances. Longer sequences hybridize specifically at higher temperatures. An 
extensive guide to the hybridization of nucleic acids is found in Tijssen, Techniques in Biochemistry 
30 and Molecular Biology-Hybridization with Nucleic Acid Probes. "Overview of principles of hybridization 
and the strategy of nucleic acid assays" (1993). Generally, stringent conditions are selected to be 
about 5-10°C lower than the thermal melting point (Tm) for the specific sequence at a defined ionic 
strength pH. The Tm is the temperature (under defined ionk: strength. pH and nucleic acid 
concentration) at which 50% of the probes complementary to the target hybridize to the target 
35 sequence at equilibrium (as the target sequences are present in excess, at Tm. 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those in which the salt concentration is less than 
about 1 .0 sodium ion. typically about 0.01 to 1.0 M sodium ion concentration (or other salts) at pH 7.0 
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to 8.3 and the temperature is at least about 30-C for short probes (e.g. 10 to 50 nucleotides) and at 
least about 60'C for tong probes (e.g. greater than 50 nucleo«des). Stringent conditions may also be 
achieved with the addition of destabilizing agents such as formamide. 

In another embodiment, less stringent hybridization conditions are used; for example, moderate or low 
stringency conditions may be used, as are known in the art; see Maniabs and Ausubel, supra, and 

Tijssen, supra. 



The hybridization conditions may also vary when a non-ionic backbone, i.e. PNA is used, as is known 
in the art. .in addition, cross-linking agents may be added after target binding to cross-link i e 
covalently attach, the two strands of the hybrkiization complex. 

^ Will be appreciated by those in the art. the systems of the invention may take on a large number of 
drfferent configurations, as is generally depicted in Figures 3. 4. 5 and 6. In general, there are three 
types of systems that can be used: (1) systems in which the target sequence itself is labeled with 
Ems (see Figures 4A. 5A. 5B and SD; this is gene^lly useful for nucleic acid systems): (2) systems 
m Which label probes directly bind to the target analytes (see Figures 4C and 4H for nucleic acid 
examples and Figures 6A, 6B. 6D and 6E. for examples of non-nucleic acid analytes); and (3) systems 
.n Which label probes are indirectly bound to the target sequences, for example through the use of 
amplifier probes (see Figures 4C. 5E. 5F and 5G for nucleic acid examples and Figure 6C for 
representative non-nucleic acid ta^et analytes). 

In all three of these systems, if is preferred, although not required, that the target sequence be 
immobil^ed on the electrode surface. This Is preferably done using capture probes and optionally one 
or more capture extender probes; see Figure 3 for representative nucleic acid examples. When only 
capture probes are u«l^ed. it is necessary to have un^ue capture probes for each target sequence- 
that IS. the surface must be customized to contain unique capture probes. Altematively. capture 
extender probes may be used, that allow a "unK^ersar surface, i.e. a surface containing a single type 
ofcaptu^probethatcanbeusedtodetectanytargetsequence. "Capture extender" probes are 
generally depicted in Figures AC. 5C. 5E. 5G and 5H. as well as Figure 6B. etc.. and have a first 
portion that will hybrid^e to all or part of the capture probe, and a second portion that will hybridize to 
a portion of the target sequence. This then allows the generation of customized soluble probes which 
as will be appreciated by those in the art is generally simpler and less costly. As shown herein 'two ' 
capture extender probes may be used. This has generally been done to stabilize assay complexes 
(for example when the target sequence is large, or when large amplifier probes (particulariy branched 
or dendrimer amplifier probes) are used. 
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While the discussion and figures herein generally depict nucleic acid embodiments, these same ideas 
can be used for non-nud ic add target analytes. For example, capture extender ligands can be 
generated, as will be appreciated by those in the art. For example, a nucleic acid "tail" can be added 
to a binding figand. as is generally depicted in Figure 6B. 

In a preferred embodiment, the binding ligands are added after the fomiation of the SAM ((4) above) 
This may be done in a variety of ways, as will be appreciated by those in the art. In one embodiment 
conductive oligomers with temiinal functional groups are made, with preferred embodiments utilizing ' 
actn^ated cartoxylates and isothiocyanates. that will react with primary amines that are either present 
or put onto the binding ligand such as a nucleic acid, using an activated carboxylate. These two 
reagents have the advantage of being stable in aqueous solution, yet react with primary alkylamines 
However, the primary aromatic amines and secondary and tertiary amines of the bases should not 
react, thus allowing site specific addition of nucleic acids to the surface. Similar techniques can be 
used with non-nucleic acid components; for example, as outlined above, the attachment of proteins to 
SAMS comprising metal chelates is known; see U.S. Patent No. 5.620,850. This allows the spotting of 
probes (either capture or detection probes, or both) using known methods (ink jet. spotting, etc.) onto 
the surface. 



In addition, there are a number of non-nucleic acid methods that can be used to immobilize a nucleic 
acid on a surface. For example, binding partner pairs can be utilized; i.e. one binding partner is 
attached to the terminus of the conductive oligomer, and the other to the end of the nucleic acid This 
may also be done without using a nucleic acid capture probe; that is. one binding partner senses as 

the capture probe and the other is attached to either the target sequence oracapture extender p 
That IS. erther the target sequence comprises the binding partner, or a capture extender probe that will 
hybndize to the target sequence comprises the binding partner. Suitable binding partner pairs include 
but are not limited to. hapten pairs such as biotin/streptavidin; antigens/antibodies; NTA/hfetidine tags ' 
etc. In general, smaller binding partners are preferred, such that the electrons can pass from the 
nucleic acid into the conductive oligomer to allow detection. 

In a preferred embodiment, when the target sequence itself is modffied to contain a binding partner 
the binding partner is attached via a modified nucleotide that can be enzymatically attached to the ' 
target sequence, for example during a PCR target amplification step. AfematK,ely. the binding partner 

Should be easily attached to the target sequence. 

Alternatively, a capture extender probe may be utifeed that has a nucleic acid portion for hybrid^ation 
to the target as well as a binding partner (for example, the capture extender probe may comprise a 
non-nucielc add portion such as an alkyl linker that is used to attach a binding partner) In this 
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embodiment it may be desirable to cross-link the double-stranded nucleic acid of the target and 
capture extender probe for stability, for xampi using psoralen as is known in the art. 

In one embodiment, the target is not bound to the electrode surface using capture probes In this 
embodiment, what is important, as for all the assays herein, is that excess label probes be removed 
pnor to detection and that the assay complex (the recruitment linker) be in proximity to the surface 
As will be appreciated by those in the art. this may be accomplished in other ways. For example the 
assay complex may be present on beads that are added to the electrode comprising the monolayer 
The recruitment linkers comprising the ETMs may be placed in proximity to the conducth^e oligomer 
surface using techniques well known in the art. including gravity settling of the beads on the surface 
electrostatic or magnetic interactions between bead components and the surface, using binding 
partner attachment as outlined above. Altematively, after the removal of excess reagents such as 
excess label probes, the assay complex may be driven down to the surface, for example via 
electrophoresis as is outlined herein. 

However, preferred embodiments utilize assay complexes attached via nucleic acid capture probes. 

In a preferred embodiment, the target sequence itself contains the ETMs. As discussed above this 
may be done using target sequences that have ETMs incorporated at any number of positions as 
outlined above. In this embodiment, as for the others of the system, the S'-S" orientation of the probes 
and targets is chosen to get the ETM-containing structures (i.e. recruitment linkers or target 
sequences) as dose to the surface of the monolayer as possible, and In the correct orientation This 
may be done using attachment via insulators or conductive oligomers as is generally shown in the 
Figures. In addition, as will be appreciated by those in the art, multiple capture probes can be utilfeed 
either in a configuration such as depicted in Figure 5D, wherein the 5'-3- orientation of the capture 
probes IS different, or where "loops" of target form when multiples of capture probes are used. 

In a preferred embodiment, the label probes direct^ hybridize to the target sequences, as is generally 
depicted in the figures. In these embodiments, the target sequence is preferably, but not required to 
be. immobilized on the surfece using capture probes, including capture extender probes Label 
probes are then used to bring the ETMs Into proximity of the surface of the monolayer comprising 
conductive oligomers. In a preferred embodiment, multiple label probes are used; that is. label probes 
are designed such that the portion that hybridizes to the target sequence can be different for a number 
of different label probes, such that amplification of the signal occurs, since multiple label probes can 
bind for every target sequence. Thus, as depicted in the figures, n is an integer of at least one 
Depending on the sensitivity desired, the length of the target sequence, the number of ETMs per label 
probe, etc.. preferred ranges of n are from 1 to 50. with from about 1 to about 20 being particulariy 
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preferred ancifro.about2toabout5beingespecia.,pre^^^^^^ .naCdition. ."genenc" label prob s 
are des.red. label extender probes car, be used as generally describ d below for use with amplifier 

probes. 

AS above, generally in this embodiment the configurafon of the system and the label probes are 
designed to recruit the ETMs as close as possible to the monolayer surface. 

in a preferred embodiment, the label probes are hybridized to the target sequence indirectly. That is 
he present invention finds use in novel combinations of signal amplificafion technologies and electron 
transfer detection on electrodes, which may be particular^ useful in sand«.ch hybrid^ation assays as 
generally depicted in the Figures for nucleic acid embodiments; similar systems can be developed for 
non-nucleic acid target analytes. In these embodiments, the amplifier probes of the invention are 
bound to the target sequence in a sample either directly or Indirectly. Since the amplifier probes 
P^erablycon^inarelatively large number of am 

abel probes, the detectable signal is signfficantly increased, and allows the detection limits of the 
^rget to be sign^cantly improved. These label and amplifier probes, and the detection methods 
descnbed herein, may be used in essentially any Known nucleic acid hybrid^ation formats, such as 
those .n which ti,e target is bound directly to a solid phase or in sandwich hybridization assays in 
wh.ch the target is boundtoone or more nucleic adds that are in turn boundtothe solid phase. 

In gene.1. these embodiments may be described as follows With particular reference to nuc.^ 

Anamplrf^rprobeishybridizedfothetargetsequence.eltherdirectiy(e.g.Figu,e4Cand5E) or 
through ti,e use of a label extender probe (e.g. Figure 5Fand 5G, which serves to allow "generic" 
ampi^er probes to be made. The target sequence is preferably, but not required to be. ImmobiLed on 
the electrode us,ng capture probes. Preferably, the amplier probe contains a multiplicity of 
amp"fica«on sequences, although in some embodiments, as described below, the amplifier probe may 
conta-n on^ a single amplification sequence. The amplifier probe may take on a number of different 
fom^s: either a branched confom,ation. a dendrimer conformation, or a linear "string" of amplification 
sequences. These amplification sequences are used to form hybridization complexes with label 
probes, and the ETMs can be detected using the electrode. 

Accordingly, the present invention provides assay complexes comprising at least one amplifier probe 

Byamplifierprobe-or-nudeicacidmultimer-or-amplificationmultimer-orgrammaticalequivalents^ ' 
herein is meant a nucleic acid probe tt,at is used to facilitate signal amplification. Amplifier probes 

compnse at leastafirstsingle-stranded nucleic acid probe sequence, as defined below,and at least 
one single-stranded nucleic acid amplification sequence. w«h a multiplicity of amplification sequences 
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In a preferred mbodiment. several different amplifier probes are used, each with first probe 
sequences that will hybridize to a different portion of the target sequence. That is. there is mor than 
one level of amplificaWon; the amplifier probe provides an amplification of signal due to a multiplicity of 
labelling events, and sev ral different amplifier probes, each with this multiplicity of labels for each 
target sequence is used. Thus, preferred embodiments utifee at least two different pools of amplifier 
probes, each pool having a different probe sequence for hybridization to different portions of the target 
sequence; the only real limitation on the number of different amplifier probes will be the length of the 
ongmal target sequence. In addition, rt is also possible that the different amplifier probes contain 
different amplification sequences, although this is generally not preferred. 

in a preferred embodiment, the amplifier probe does not hybridize to the sample target sequence 
directly, but instead hybridtes to a first portion of a label extender probe, as Is generally depicted in 
Figure 5F. This is particulariy useful to allow the use of "generic" amplifier probes, that is amplifier 
probes that can be used with a variety of different targets. This may be desirable since several of the 
amplifier probes require special synthesis techniques. Thus, the addition of a relatively short probe as 
a label extender probe is preferred. Thus, the first probe sequence of the amplifier probe is 
substantially complementary to a first portion or domain of a first label extender single-stranded 
nucleic acid probe. The label extender probe also contains a second portion or domain that is 
substantial^ complementary to a portion of the target sequence. Both of these portions are preferably 
at least about 10 to about 50 nucleotides in length, with a range of about 15 to about 30 being 
preferred. The temis "firsr and "seconcf ■ are not meant to confer an orientation of the sequences with 
respect to the 5--3- orientation of the target or probe sequences. For example, assuming a 5'-3- 
onentahon of the complementary target sequence, the first portion may be tocated either 5' to the 
second portion, or 3' to the second portion. For convenience herein, the order of probe sequences are 
generally shown from left to right. 

In a preferred embodiment, more than one label extender probe-amplifier probe pair may be used tht 
IS. n IS more than 1 . That is. a plurality of label extender probes may be used, each with a portion that 
IS substantialV complementary to a different portion of the target sequence; this can serve as another 
level of amplification. TTius, a preferred embodiment utilizes pools of at least two label extender 
probes, with the upper limit being set by the length of the target sequence. 

In a preferred embodiment, more than one label extender probe is used with a singte amplifier probe to 
reduce non-specific binding, as is depicted in Figure 5G and generally outlined in U.S Patent No 
5,681,697, incorporated by reference herein. In this embodiment, a first portion of the first label 
extender probe hybridizes to a first portion of the target sequence, and the second portion of the first 
label extender probe hybridizes to a first probe sequence of the amplifier probe. A first portion of the 
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second label extender probe hybrid^es to a second portion of the target sequenc . and th second 
portion of the second lab I extender probe hybridizes to a second probe sequence of the ampllfi r 
probe. These fomi structures sometimes referred to as "cruciform" structures or configurations and 
are generally done to confer stability when large branched or dendrimeric amplifier probes are used. 

In addition, as will be appreciated by those in the art, the label extender probes may interact with a 
preamplifier probe, described below, rather than the amplifier probe directly. 

Similarly, as outlined above, a preferred embodiment utifees several different amplifier probes, each 
wrth first probe sequences that will hybridize to a different portion of the label extender probe. In 
addition, as outlined above, it is also possible that the different amplifier probes contain different 
amplification sequences, although this is generally not preferred. 

in addition to the first probe sequence, the amplifier probe also comprises at least one amplification 
sequence. An "amplification sequence" or "amplification segment' or grammatical equivalents herein 
IS meant a sequence that is used, either directly or indirecUy. to bind to a first portion of a label probe 
as IS more fully described below. Preferably, the amplifier probe comprises a multiplicity of 
amplification sequences, with from about 3 to about 1000 being preferred, from about 10 to about 100 
being particularly preferred, and about 50 being especially preferred. In some cases, for example 
when linear amplifier probes are used, from 1 to about 20 is preferred with from about 5 to about 1 0 
being particularly preferred. 

The amplification sequences may be linked to each other in a variety of ways, as will be appreciated 
by those .n the art They may be covalently linked directly to each other, or to intervening sequences 
or Chemical moieties, through nucleic acid linkages such as phosphodiester bonds. PNA bonds etc 
or through interposed linking agents such amino acid, carbohydrate or polyol bridges, or through other 
cross-hnking agents or binding partners. The site(s) of linkage may be at the ends of a segment 
and/or at one or more internal nucleotides in the strand. In a preferred embodiment, the amplification 
sequences are attached via nucleic acid linkages. 

in a preferred embodiment branched amplifier probes are used, as are generally described in U S 
Patent No. 5.124.246. hereby incorporated by reference. Branched amplifier probes may take on 
"fork-like" or "comb^ike" confomiations. "Fork-like" branched amplifier probes generally have three or 
more oligonucleotide segments emanating from a point of origin to fom, a branched stmcture The 
point of ongin may be another nucleotide segment or a multifunctional molecule to whcih at least three 
segments can be covalently or tight^ bound. "Comb-like" branched amplifier probes have a linear 
backbone with a multiplicity of sidechain oligonucleotides extending from the backbone. In either 
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conformation, the pendant segments wil, normally depend from a modffied nucleotide or other organic 
mo,ety having the appropriate functional groups for attachment of oligonucleotides. Furthem,ore in 
either confomiation. a large number of amplification sequences are avaiteble for binding, efther directly 
or indirect^, to detection probes. In general, these structures are made as Is known in the art. using 
modified multifunctional nucleotides, as is described in U.S. Patent Nos. 5,635.352 and 5 124 246 
among Others. ' ' 

in a prefenred embodiment, dendrimer ampler probes are used, as are generally described in U S 
Patent No. 5.175.270. hereby expressly incorporated by reference. Dendrimeric amplifier pmbes have 
amphfication sequences that are attached via hybrid^ation, and thus have port' ons of double^tranded 

nucleic acid asacomponent Of their structure. The outer surface Of the dendrimer amplifier probe has 

a multiplicity of amplification sequences. 

in a preferred embodiment, linear amplifier probes are used, that have individual amplification 
sequences linked end-to-end either directly or with short intervening sequences to fom, a polymer As 
with he other amplifier configurations, there may be additional sequences or moieties between the 
amp,, cation sequences. ,n addition, as outlined herein, linear amplification probes may form hairpin 

Stem-loop structures, as is depicted in Figure 12. 

In one embodiment, the linear amplifier probe has a single amplification sequence. This may be useful 
When cydes of hybridization/disassociation occurs, forming a pool of amplifier probe that was 
hy bnd^ed fo the target and then removed to allow more probes to bind, or when large numbers of 
ETMs are used for each label probe. However, in a preferred embodiment linear amplifier probes 
compnse a multiplicity of amplification sequences. 

In add-on, the amplffier probe may be totally linear, totally branched, totally dendrimeric or any 

combination thereof. ' ^ 

The ampHfication sequences of the amplifier probe are used, either directiy or indirect^^ 
label probe to allow detection. In a preferred embodiment, the amplification sequences of the 
amplifier probe are substantial^ complementary fo a first portion of a label probe. Altemativehr 
amplifier extender probes are used, that have a first portion that binds to the amplification sequence 
and a second portion that binds to the first portion of the label probe. 

in addition, the compositions of the invention may include "preamplffier molecules, which serves a 
bndging moiety between the label extender molecules and tt,e amplifier probes. In this way, more 
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amplifier and thus more ETMs are Ultimately bound to th detection prot,es. Preamplffier molecul s 
may be either linear or branched, and typically contain in the range of about 30-3000 nucleotides. 

The reactions outlined below may be accomplished in a variety of ways, as will be appreciated by 
those .n the art. Components of the reaction may be added simultaneously, or sequentially in any 
order, with preferred embodiments outiined below In addition, the reaction may include a variety of 
other reagents may be included in the assays. These include reagents like salts, buffers neutral 
proteins, e.g. albumin, detergents, etc which may be used to facilitate optimal hybridization and 
detecbon, and/or reduce non-specific or background interactions. Also reagents that otherwise 
■mprove the efffciency of the assay, such as protease inhibitors, nuclease inhibitors, anti-microblal 
agents, etc.. may be used, depending on the sample preparation methods and purity of the target. 

Generally, the methods are as follows. In a preferred embodiment, the target is initially driven down to 
the vicinity of the detection probe using any one of the methods outlined above. In general two 
methods may be employed; the assay complexes as described below are formed first {i e all the 
soluble components are added together, either simultaneously or sequentially, including capture 
extender probes, label probes, amplification probes, label extender probes, etc.). including any 
hybridization accelerators, and then the complex is added to the surface for binding to a detection 
electrode. Alternatively, the target may be added, hybridization acceleration occurs to allow the target 
to bind the capture binding ligand and then additional components are added to form the assay 
complex. The latter is described in detail below, but either procedure may be followed. Similar^ 
some components may be added, electrophoresed, and other components added; for example the 

targetanalytemaybecombinedwithanycaptureextenderprobesandthentransported etc In 
addrtion. as outlined herein, electrophoretic steps may be used to effect "washing" steps, wherein 
excess reagents (non-bound analytes, excess probes, etc.) can be driven from the surfece. 

In a preferred embodiment, non-specific interactions can be decreased using several electrophoretic 
methods, in a preferred embodiment, label probes that are not specifically directly or indirectiy bound 
to a target sequence can be removed from the surface by a pulse of an opposite electric field 1 e the 
electric field is reversed for some period of time. The strength of tiie reverse electricfield is chosen 
such that specifically bound tebel probes are not removed (or any of the ottier required components of 
the attachment and assay complexes). 

In a preferred embodiment, for exampte when electrophoresis is used, the label probes or label 
binding ligands comprising the ETMs carry a charge opposite to tt,e target analyte This can be done 
either with nucleic acid label probes or charged solution binding ligands, although the discussion 
focuses on nucleic acid embodiments. This can be useful in two d^rent systems. In a preferred 
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embodiment, the target ana^te car.es a large xcess of charge, i.e. a negative charge in the case of 
nucle,c acid. The binding of one or more positK^ely charged label probes does not significantly change 

net negative charge on the target complex; that is. the target will still be attracted to the cathode 
However, un-bound label probes, or label probes not specifically bound to the target, are repulsed ' 
thus resulting in a decrease of non-specific binding. For example. PNA backbones can be modified to 
canv a net positive charge, and there are other nucleic acid analogs as known in the art that ar. 
positively charged. 

in a preferred embodiment, the label probe is has a high amour^t of opposite charge, such that upon 
b.nd,ng to the target ana^^te. the net charge of the target anatyte changes. Thus, for example for 
nucleic acids, the label probes carry a sufficient positive charge to render the label probe-target 
analyte complex positively charged. This results in the specific target ana^^te being drawn to the 
anode, but all other negatively charged elements, i.e. other nucleic acids, will be repulsed This is 
particularly useful when there is an excess of other targets present; for example, when the target 
analyte is a minor species of a large excess of other nucleic acids, tor example. 

In a preferred embodiment, the target analyte is initially electrophoretically transported to the detection 
electrode, and tiien immobilized or attached to tt,e detection electrode. In one embodiment this is 
done by forming an attachment complex (frequently referred to herein as a hybridization complex 
When nucleic add components are used) between a capture probe and a portion of the target analyte 
A preferred embodiment utifees capture extender binding ligands (also called capture extender probes 
here,n); in ti,is embodiment, an attachment complex is fomied between a portion of the target 
sequence and a first portion of a capture extender probe, and an additional attachment complex 
between a second portion of the capture extender probe and a portion of the capture probe. Additional 
prefened embodiments util^e additional capture probes, thus forming an attachment complex between 
a portion of the target sequence and a first portion of a second capture extender probe, and an 
attachment complex between a second portion of the second capture extender probe and a second 
portion of the capture probe. 

/Utematively. the attachment of the target sequence to the electrode is done simultaneously with the 
other reactions. 

The me^od proceeds with the introduction of amplifier probes, if utii.ed. In a preferred embodiment ' 
the amplifier probe comprises a first probe sequence tt,at is substantial^ complementary to a portion 
of the target sequence, and at least one amplification sequence. 
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In a preferred embodiment, the first probe sequence of the amplifier probe is hybrid^ed to a first 
portion of at least one label extender probe, and a second portion of the label extender probe is 
hybridized to a portion of the target sequence. Other preferred mbodlments utilfee more than one 
label extender probe, as is gen rally shown in Figure 5G. 

In a preferred embodiment, the amplication sequences of the amplifier probe are used directly for 
detection, by hybridizing at least one label probe sequence. 

The invention thus provides assay complexes that minimally comprise a target sequence and a label 
probe. "Assay complex" herein is meant the collection of attachment or hybridization complexes 
comprising analytes. including binding ligands and targets, that allows detection. TT,e composition of 

theassaycomplexdependsontheuseofthedifferentprobecomponentoutlinedherein. Thus in 
Figure 6A. the assay complex comprises the capture probe and the target sequence The assay 
complexes may also include capture extender probes, label extender probes, and amplrtier probes, as 
outlined herein, depending on the configuration used. 

The assays are generally run under stringency conditions which allows formation of the label probe 
attachment complex only in the presence of target Stringency can be controlled by altering a step 
parameter that is a thermodynamic variable, including, but not limited to. temperature, fbmiamide 
concentration, saft concentration, chaotropic salt concentration pH. organic solvent concentration etc 
Stnngency may also include the use of an electrophoretic step to drive non-specific (i.e. low 
stringency) materials away from the detection electrode. 

These parameters may also be used to control non-specific binding, as is generally outlined in U S 
Patent No. 5,681 ,697. Thus it may be desirable to perform certain steps at higher stringency 
conditons; for example, when an initial hybridization step is done between the target sequence and 
the label extender and capture extender probes. Running this step at conditions which favor specific 
binding can allow the reduction of non-specific binding. 

In a preferred nucleic acid embodiment, when all of the components outlined herein are used a 
preferred method is as follows. Single-stranded target sequence is incubated under hybrideation 
conditions wrth the capture extender probes and the label extender probes. A preferred embodiment 
does this reaction in the presence of the electrode with immobilized capture probes, although this may ' 
also be done in two steps, with the initial incubation and the subsequent addrtion to the electrode 
Excess reagents are washed off. and amplifier probes are then added. If preamplifier probes are 
used, they may be added either prior to the amplifier probes or simultaneously with the amplifier 
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probes. Excess reagents are washed off, and label probes are then added. Excess reagents are 
washed off, and detection proceeds as outlined below. 

In one embodiment, a number of capture probes (or capture probes and capture extender probes) that 
are each substantially complementary to a different portion of the target sequence are used. 

Again, as outlined herein, when amplifier probes are used, the system is generally configured such 
that upon label probe binding, the recruitment linkers comprising the ETMs are placed in proximity 
either to the monolayer surface containing conductive oligomers (mechanism-2) or in proximity to 
detection probes. Thus for example, for mechanism-2 systems, when the ETMs are attached via 
"dendrimer" type structures as outlined herein, the length of the linkers from the nucleic acid point of 
attachment to the ETMs may vary, particularly with the length of the capture probe when capture 
extender probes are used. That is, longer capture probes, with capture extenders, can result in the 
target sequences being "held" further away from the surface than for shorter capture probes. Adding 
extra linking sequences between the probe nucleic acid and the ETMs can result in the ETMs being 
spatially closer to the surface, giving better results. Similarly, for mechanism-1 systems, the length of 
the recruitment linker, the length of the detection probe, and their distance, may be optimized. 

In addition, if desirable, nucleic acids utilized in the invention may also be ligated together prior to 
detection, if applicable, by using standard molecular biology techniques such as the use of a ligase. 
Similarly, if desirable for stability, cross-linking agents may be added to hold the structures stable. 

As will be appreciated by those in the art, while described for nucleic acids, the systems outlined 
herein can be used for other target analytes as well. 

The compositions of the invention are generally synthesized as outlined below and in U.S.S.N.s 
08/743,798, 08/873,978. 08/911,085, 08/911.085. and PCT US97/20014, all of which are expressly 
incorporated by reference, generally utilizing techniques well known in the art. As will be appreciated 
by those In the art, many of the techniques outlined below are directed to nucleic acids containing a 
ribose-phosphate backbone. However, as outlined above, many altemate nucleic acid analogs may 
be utilized, some of which may not contain either ribose or phosphate In the backbone. In these 
embodiments, for attachment at positions other than the base, attachment is done as will be 
appreciated by those in the art, depending on the backbone. Thus, for example, attachment can be 
made at the carbon atoms of the PNA backbone, as is described below, or at either terminus of the 
PNA. 
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The compositions may be made in several ways. A pref rred method first synth sizes a conductive 
oligomer attached to a nucleoside, w/ith addition of additional nucleosides to form the capture probe 
followed by attachment to the electrod . Alternatively, the whole capture probe may be made and 
then the completed conductive oligomer added, followed by attachment to the electrode. Altematively, 
a monolayer of conductive oligomer (some of which have functional groups for attachment of capture 
probes) is attached to the electrode first, followed by attachment of the capture probe. The latter two 
methods may be prefen-ed when conductive oligomers are used which are not stable in the solvents 
and under the conditions used in traditional nucleic acid synthesis. 

In a prefen-ed embodiment, the compositions of the invention are made by first forming the conductive 
oligomer covalently attached to the nucleoside, followed by the addition of additional nucleosides to 
fomi a capture probe nucleic acid, with the last step comprising the addition of the conductive oligomer 
to the electrode. 

The attachment of the conducUve oligomer to the nucleoside may be done in several ways. In a 
preferred embodiment, all or part of the conductive oligomer is synthesized first (generally with a 
functional group on the end for attachment to the electrode), which is then attached to the nucleoside. 
Additional nucleosides are then added as required, with the last step generally being attachment to the 
electrode. Altematively. oligomer units are added one at a time to the nucleoside, with addition of 
additional nucleosides and attachment to the electrode. A number of representative syntheses are 
shown in the Figures of WO 98/20162; PCT/US98/12430; PCT/US98/12082; PCT/US99/01705: 
PCT/US99/01703; and U.S.S.N.s 09/135.183; 60/105.875; and 09/295,691. all of which are 
incorporated by reference. 

The conductive oligomer is then attached to a nucleoside that may contain one (or more) of the 
oligomer units, attached as depicted herein. 

In a preferred embodiment, attachment is to a ribose of the ribose-phosphate backbone, including 
amide and amine linkages. In a preferred embodiment, there is at least a methylene group or other 
short aliphatic alky! groups (as a Z group) between the nitrogen attached to the ribose and the 
aromatic ring of the conductive oligomer. 

Altematively, attachment is via a phosphate of the ribose-phosphate backbone, as generally outlined ' 
in PCT US97/20014. 

In a preferred embodiment, attachment is via the base. In a preferred embodiment, protecting groups 
may be added to the base prior to addition of the conductive oligomers, as is generally known in the 
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art. in addition, the palladium cross.x,upling reactions may be altered to prevent dimerizatlon 
problems; i.e. two conductive oligomers dimerizing, rather than coupling to the base. 

Alternatively, attachment to the base may be done by making the nucleoside with one unit of the 

5 Oligomer, followed by the addition of others. 

once the modified nucleosides are prepared, protected and activated, prior to attachment to the 
etectrode. they may be incorporated into a growing oligonucleoUde by standard synthetic techniques 
(Ga>t. Oligonucleotide Synthesis: A Practical Approach, IRL Press, Oxford. UK 1984; Eckstein) in 
10 several ways. 

in one embodiment, one or more modified nucleosides are converted to the triphosphate form and 
mcorpo-ated into a growing oligonucleotide chain by using standard molecular bk>logy techniques such 
as wrth the use of the enzyme DNA potymerase I, T4 DNA polymerase. T7 DNA polymerase Taq 
DNA po^merase, reverse transcriptase, and RNA polymerases. Forthe incorporafion of a 3- modified 
nucteoside to a nucleic acid, terminal deoxynucleotidyltransferase may be used. (Ratliff. Terminal 
deo,^nucleo«dyltransferase. In The Enzymes. Vol 14A. P.D. Boyered. pp 105-118. Academic Press 
San D,ego. CA. 1981). Thus, the present invention provides deoxyribonucleoside triphosphates ' 
comprising a covalenUy attached ETM. Preferred embodiments utilize ETM attachment to the base or 
tt.e backbone, such as the ribose (preferably in the 2 position), as is generally depicted below In 
Structures 42 and 43: 
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Structure 43 
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Thus, .n son,e embodiments, it may be possible to generate the nucleic acids comprising ETMs in srtu 
For example, a target sequence can hybrid^e to a capture probe (for example on the surface) in such ' 
a way that the temiinus of the target sequence is exposed, i.e. unhybrid^ed. The addiBon of enzyme 
and tnphosphate nucleotides labelted with ETMs allows the in situ creation of the label. Similarly 
using labeled nucleotides recogn^ed by polymerases can allow simultaneous PCR and detection- that 
IS, the target sequences are generated in situ. 



in a preferred embodiment, the modified nucleoside is converted to the phosphoramidlte or H- 
Phosphonate form, which are then used in solid-phase or solution syntiieses of oligonucleotides In 
th.s way the modified nucleoside, eitherfor attachment at the ribose(i.e. amino- or thiol-modied 

nucleosides)orthe base, is incorporated into the Oligonucleotide at erther an internal position or the 5- 
term.nus. This is generally done in one of two ways. First, the S" posrtion of the ribose is protected 
wrth 4 .4-dimethoxytrityl (DMT) followed by reaction with either 2-cyanoethoxy-bis- 
dusopropylaminophosphine in the presence of diisopropylammonium tetrazolide. or by reaction with 
c orodiisopropylamino 2--cyanoeti,yoxyphosphine, to give the phosphoramidlte as is known in the art 
alti^ough other techniques may be used as will be appreaated by those in the art See Gait supra- ' 
Caruthers. Science 230:281 (1985). both of which are expressly incorporated herein by reference. ' 

For attachment of a group to the 3' temiinus, a preferred method utilizes the attachment of the 
modified nucleoside (orthe nucleoside replacement) to cont«>lled pore glass (CPG) or other 
oligomeric supports. In this embodiment, the modified nucleoside is protected at the 5' end with DMT 
and then .acted w.h succinic anhydride with activation. The resulting succinyl compound is attached 
to CPG or other oLgomeric supports as is Known in the art. Further phosphoramidlte nucleosides are 
added, e,ther modified or npt. to the 5' end after deprotection. Thus, the present invention provides 
conductive oligomers or insulators covalentiy attached to nucleosides attached to solid oligomeric ' 
supports such as CPG. and phosphoramidfte derivatives of the nucleosides of the invention. 

The invention further provides methods of making label probes wrth recruitment linkers comprising 
ETMs. These synthetic reactions Will depend on the character of the recruftment linker and tiie 
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method of attachment of the ETM. as will be appreciated by those in the art. For nucleic acid 
recruitment linkers, the label probes are generally made as outlined herein with the Incorporation of 
ETMs at one or more positions. When a transition metal complex is used as the ETM. synthesis may 
occur in several ways. In a preferred embodiment, the ligand(s) are added to a nucleoside, followed 
by the transition metal ion. and then the nucleoside with the transition metal complex attached is 
added to an oligonucleotide, i.e. by addition to the nucleic acid synthesizer. Alternatively, the 
ligand(s) may be attached, followed by incorportation into a growing oligonucleotide chain, followed by 
the addition of the metal ion. 

In a preferred embodiment. ETMs are attached to a ribose of the ribose-phosphate backbone. This is 
generally done as is outlined herein for conductive oligomers, as described herein, and in PCT 
publication WO 95/1 5971 , using amino-modified or oxo-modlfied nucleosides, at either the 2' or 3' 
position of the ribose. The amino group may then be used either as a ligand, for example as a 
transition metal ligand for attachment of the metal ion. or as a chemically functional group that can be 
used for attachment of other ligands or organic ETMs. for example via amide linkages, as will be 
appreciated by those in the art. For example, the examples describe the synthesis of nucleosides with 
a variety of ETMs attached via the ribose. 

In a preferred embodiment. ETMs are attached to a phosphate of the ribose-phosphate backbone. As 
outlined herein, this may be done using phosphodiester analogs such as phosphoramidite bonds, see 
generally PCT publication WO 95/15971. or can be done in a similar manner to that described in PCT 
US97y20014, where the conductive oligomer is replaced by a transition metal ligand or complex or an 
organic ETM. 

Attachment to alternate backbones, for example peptide nucleic acids or alternate phosphate linkages 
will be done as will be appreciated by those in the art. 

In a preferred embodiment, ETMs are attached to a base of the nucleoside. This may be done in a 
variety of ways. In one embodiment, amino groups of the base, either naturally occurring or added as 
is described herein (see the fiigures. for example), are used either as ligands for transition metal 
complexes or as a chemically functional group that can be used to add other ligands, for example via 
an amide linkage, or organic ETMs. This is done as will be appreciated by those in the art. 
Alternatively, nucleosides containing halogen atoms attached to the heterocyclic ring are commercially' 
available. Acetylene linked ligands may be added using the halogenated bases, as is general^ 
known; see for example, Tzalis et al., Tetrahedron Lett. 36(34):601 7-6020 (1995); Tzalis et al.. 
Tetrahedron Lett 36(2):3489-3490 (1995); and Tzalis et al.. Chem. Communications (in press) 1996, 
all of which are hereby expressly incorporated by reference. See also the figures and the examples. 
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Which de«:ribes the synthesis of metallocenes (in this case, ferrocene) attached via acetylene 
linkages to the bases, ^uciyiene 

incorporation into the nucleic acid. 

etTr "T "* * ' 'hker p e 

«r=„„su«„„acon.««.«„,,Hea«a*„«.„te,isa«chadto«»atec«.* 
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may be used. See Greene et al., supra. 
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nucleosides attached. Alternatively, the conductiv oligomer attach d to a nucleic acid Is made, and 
then either a subunit containing a protected sulfur atom is added, or a sulfur atom is added and then 
protected. Alternatively, the ethyl pyridine protecting group may be used as above, but removed after 
one or more steps and replaced with a standard protecting group like a disulfide. Thus, the ethyl 
pyridine or trimethylsilylethyl group may serve as the protecting group for some of the synthetic 
reactions, and then removed and replaced with a traditional protecting group. 

By "subunif of a conductive polymer herein is meant at least the moiety of the conductive oligomer to 
which the sulfur atom Is attached, although additional atoms may be present, including either 
functional groups which allow the addition of additional components of the conductive oligomer or 
additional components of the conductive oligomer. Thus, for example, when Structure 1 oligomers arB 
used, a subunit comprises at least the first Y group. 

A preferred method comprises 1) adding an ethyl pyridine or trimethylsilylethyl protecting group to a 
sulfur atom attached to a first subunit of a conductive oligomer, generally done by adding a vinyl 
pyridine or trimethylsilylethyl group to a sulfhydryl; 2) adding additional subunits to form the conductive 
ohgomer. 3) adding at least a first nucleoside to the conductive oligomer 4) adding additional 
nucteosides to the first nucleoside to fbm, a nucteic acid; 5) attaching the conductive oligomer to the 
gold electrode. This may also be done in the absence of nucleosides, as is described in the 
Examples. 



The above method may also be used to attach insulator molecules to a gold electrode. 

In a prefened embodiment, a monolayer comprising conductive oligomers (and optionally insulators) is 
added to the electrode. Generally, the chemistry of addition is similar to or the same as the addition of 
conductive oligomers to the electrode, i.e. using a sulfur atom for attachment to a gold electrode, etc 
Compositions comprising monolayers in addition to the conductive oligomers covalently attached to 
nucleic acids may be made in at least one of five ways: (1) addition of the monolayer, followed by 
subsequent addition of the attachment linker-nucleic acid complex; (2) addition of theattachment 
l-nker-nucleic acid complex followed by addition of tiie monolayer; (3) simultaneous addition of the 
monolayer and attachment linker-nucleic acid complex; (4) formation of a monolayer (using any of 1 2 
or 3) which includes attachment linkers which terminate in a functional moiety suitable for attachment 
of a completed nucleic acid; or (5) fonrtation of a monolayer which includes attachment linkers which' 
temiinate in a functional moiety suitable for nucleic acid synthesis. i.e. the nucleic acid is synthesbed 
on the surface of the monolayer as is known in the art. Such suitable functional moieties include, but 
are not limited to. nucleosides, amino groups, carboxyl groups, protected sulfur moieties, or hydroxyl 
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groups for phosphoramidite additions. The examples describe the fomiation of a monolayer on a gold 
electrode using the preferred method (1). 

in a preferred embodiment, the nucleic acid is a peptide nucleic acid or analog. In this embodiment 
the invention provides peptide nucleic acids with at least one covalently attached ETM or attachment 
linker. In a preferred embodiment, these moieties are covalently attached to an monomeric subunit of 
the PNA. By "monomeric subunit of PNA" herein is meant the -NH-CH3CH,-N(COCH,-Base)-CH,-CO- 
monomer, or derivatives (herein included within the definition of "nucleoside-) of PNA. For example 
the number of carbon atoms in the PNA backbone may be altered; see general^ Nielsen et al Chem 
Soc. Rev. 1997 page 73. which disdoses a number of PNA derivatives, herein express^, incorporated" 
by reference. Similarty. the amide bond linking the base to the backbone may be altered- 
Phosphoramide and sulfuramide bonds may be used. Alternatively, the moieties are attached to an 
internal monomeric subunit. By "internal" herein is meant that the monomeric subunit is not e«her the 
N-tem,inal monomeric subunit or the C-temiinal monomeric subunit. In this embodiment, the moieties 
can be attached either to a base or to the backbone of the monomeric subunit Attachment to the 
base .s done as outlined herein or known in the literature. In general, the moieties are added to a 
base wh.ch is then incorporated into a PNA as outiined herein. The base may be either protected as 
required for incorporation into the PNA syntiietic reaction, or derivatized. to allow incorporation eitt,er 
pnor to the addition of the chemical substituent or afterwards. Protection and derivatization of ihe 
bases is shown in PCT US97/20014. The bases can ti,en be Incorporated into monomeric subunits. 

In a preferred embodiment, the moieties are covalentiy attached to the backbone of the PNA 
monomer. The attachment is generally to one of the unsubstituted carbon atoms of the monomeric 
subunrt, preferably the a-carbon of the backbone. alBiough attachment at either of the carbon 1 or 2 
positions, orthe a-carbon of the amide bond linking the base to the backbone may be done In the 
case of PNA analogs, otiier carbons or atoms may be substituted as well. In a preferred embodiment 
moreties are added at the a-cart,on atoms, either to a temiinal monomeric subunit or an internal one. ' 

In this embodiment, a modified monomeric subunit is synthesized with an ETM or an attachment 
linker, or a functional group for tts attachment, and ttien the base is added and the modified monomer 
can be incorporated into a growing PNA chain. 

Once generated, the monomeric subunits with covalently attached moieties are incorporated into a ' 
PNA using the techniques outiined in Will et al.. Tetrahedron 51(44):12069-12082 (1995) and 
Vanderlaan et al., Tett. Let. 38:2249-2262 (1997). both of which are hereby expressly incorporated in 
their entirety. These procedures allow the addition of chemical substituents to peptide nucleic acids 
without destroying the chemical substituents. 
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depends in part on the choice of ETMs and in part on the conductive oligomer used, th composition 
and mtegnty of the monolayer, and what type of reference electrode is used. As described herein. 

ferrocene is a preferred ETM. 

In a preferred embodiment, a co-reductant or co-oxidant (collectively, co-redoxant) is used as an 
additional electron source or sink. See generally Sato et al., Bull. Chem. Soc. Jpn 66-1032 (1993) 
Uosaki et al.. Electrochimica Acta 36:1799 (1991); and Alleman et al.. J. Phys. Chem 100:17050 ' 
(1996); all of which are incorporated by reference. 

In a preferred embodiment, an input electron source in solution is used in the initiation of electmn 
transfer, preferably when initiation and detection are being done using DC current or at AC 
frequencies where diffusion is not limiting. In general, as will be appreciated by those in the art 
preferred embodiments utilize monolayers that contain a minimum of "holes", such that short-circuiting 
of the system is avoided. This may be done in several general ways. In a preferred embodiment an 
■nput electron source is used that has a lower or similar redox potential than the ETM of the label 
probe. Thus, at voltages above the redox potential of U,e input electron source, both the ETM and the 
input electron source are oxidized and can thus donate electrons; the ETM donates an electron to the 
etectrode and tiie input source donates to the ETM. For example, ferrocene, as a ETM attached to the 
compositions of the invention as described in the examples, has a redox potential of roughly 200 mV in 
aqueous solution (which can change significantly depending on what the ferrocene is bound to the 
manner of the linkag^and the presence of any substitution groups). Ferrocyanide. an electron 
source, has a redox potential of roughly 200 mV as well (in aqueous solution). Accordingly at or 
above voltages of roughly 200 mV. ferrocene is converted to ferricenium. which then transfers ah 
electron to the electrode. Now the ferricyanide can be oxidized to transfer an electron to the ETM In 
this way, the electron source (or co-reductant) serves to amplrty the signal generated in the system as 
the etectron source molecules rapidly and repeated^ donate electrons to the ETM attached to the 
nucleic acid. The rate of electron donation or acceptance will be limited by the rate of diffusion of the 
cc^reductant. the electron transfer between the co-reductant and the ETM, which in turn is affected by 
the concenti^tion and size, etc. 

Alternatively, input electron sources that have lower redox potentials than the ETM are used At 
voltages less than the redox potential of the ETM. but higher than the redox potential of the electron 
source, the input source such as ferrocyanide is unable to be oxided and thus is unable to donate an " 
electron to the ETM; i.e. no electron transfer occurs. Once ferrocene is oxidized, then there is a 
pathway for electron transfer. 
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In an alternate preferred embodiment, an Input lectron source is used that has a higher redox 
potential than the ETM of the label probe. For example, luminol. an electron source, has a redox 
potential of roughly 720 mV. At voltages higher than the redox potential of the ETM. but lower than the 
redox potential of the electron source, i.e. 200 - 720 mV. the ferrocene is oxided, and transfers a 
single electron to the electrode via the conductive oligomer. However, the ETM is unable to accept 
any electrons from the luminol electron source, since the voltages are less than the redox potential of 
the luminol. However, at or above the redox potential of luminol. the luminol then transfers an 
electron to the ETM. allowing rapid and repeated electron transfer. In this way. the electron source (or 
co-reductant) serves to amplify the signal generated in the system, as the electron source molecules 
rapidly and repeatedly donate electrons to the ETM of the label probe. 

Luminol has the added benefit of becoming a chemiluminiscent species upon oxidation (see Jirka et 
al.. Analytica Chimica Acta 284:345 (1993)). thus allowing photoldetection of electron transfer from the 
ETM to the electrode. Thus, as long as the luminol is unable to contact the electrode directly. i.e. in 
the presence of the SAM such that there is no efficient electron transfer pathway to the electrode, 
luminol can only be oxidized by transferring an electron to the ETM on the label probe. When the ETM 
is not present, i.e. when the target sequence is not hybridized to the composition of the invention, 
luminol is not significantly oxidized, resulting in a low photon emission and thus a low (if any) signal 
from the luminol. In the presence of the target, a much larger signal is generated. Thus, the measure 
of luminol oxidation by photon emission is an indirect measurement of the ability of the ETM to donate 
electrons to the electrode. Furthemiore. since photon detection is generally more sensitive than 
electronic detection, the sensitivity of the system may be increased. Initial results suggest that 
luminescence may depend on hydrogen peroxide concentration. pH. and luminol concentration, the 
latter of which appears to be non-linear. 

Suitable electron source molecules are well known in the art, and include, but are not limited to, 
fenicyanide, and luminol. 

Alternatively, output electron acceptors or sinks could be used, i.e. the above reactions could be run in 
reverse, with the ETM such as a metallocene receiving an electron from the electrode, converting it to 
the metallicenium. with the output electron acceptor then accepting the electron rapidly and 
repeatedly. In this embodiment, cobalticenium is the preferred ETM. 

The presence of the ETMs at the surface of the monolayer can be detected in a variety of ways. A 
variety of detection methods may be used, including, but not limited to, optical detection (as a result of 
spectral changes upon changes in redox states), which includes fluorescence, phosphorescence, 
luminiscence. chemiluminescence, electrochemiluminescence, and refractive index; and electronic 
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detection, including, but not limited to, amperommetry, voltammetry. capacitance and impedence. 
These methods include time or frequency dependent methods based on AC or DC cun-ents, pulsed 
methods, lock-in techniques, tilt ring (high pass, low pass, band pass), and time-resoived techniqu s 
including time-resolved fluoroscence. 

In one embodiment, the efficient transfer of electrons from the ETM to the electrode results in 
stereotyped changes in the redox state of the ETM. With many ETMs including the complexes of 
ruthenium containing bipyridine, pyridine and imidazole rings, these changes in redox state are 
associated with changes in spectral properties. Significant differences in absorbance are observed 
between reduced and oxidized states for these molecules. See for example Fabbrizzi et al.. Chem. 
Soc. Rev. 1995 pp1 97-202). These differences can be monitored using a spectrophotometer or 
simple photomultiplier tube device. 



In this embodiment, possible electron donors and acceptors include all the derivatives listed above for 
15 photoactivation or initiation. Prefen-ed electron donors and acceptors have characteristically large 
spectral changes upon oxidation and reduction resulting in highly sensitive monitoring of electron 
transfer. Such examples include Ru(NH3)4py and Ru(bpy)2im as preferred examples. It should be 
understood that only the donor or acceptor that is being monitored by absorbance need have ideal 
spectral characteristics. 

20 

In a preferred embodintjent, the electron transfer is detected fluorometrically. Numerous transition 
metal complexes, including those of aithenium, have distinct fluorescence properties. Therefore, the 
change in redox state of the electron donors and electron acceptors attached to the nucleic acid can 
be monitored very sensitively using fluorescence, for example with Ru(4,7-biphenyl2-phenanthroline)32" 
25 . The production of this compound can be easily measured using standard fluorescence assay 
techniques. For example, laser induced fluorescence can be recorded in a standard single cell 
fluorimeter. a flow through "on-line" fiuorimeter (such as those attached to a chromatography system) 
or a multi^sample "plate-reader^' similar to those martceted for 96-weil immuno assays. 

30 Alternatively, fluorescence can be measured using fiber optic sensors with nucleic acid probes in 

solution or attached to the fiber optic. Fluorescence is monitored using a photomultiplier tube or other 
light detection instrument attached to the fiber optic. The advantage of this system is the extremely 
small volumes of sample that can be assayed. 

35 In addition, scanning fluorescence detectors such as the Fluorimager sold by Molecular Dynamics are 
ideally suited to monitoring the fluorescence of modified nucleic acid molecules arrayed on solid 
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10 



15 



surfaces. The advantage of this system is the large number of electron transfer probes that can be 
scanned at once using chips covered with thousands of distinct nucleic acid probes. 

IWany transition metal complexes display fluorescence with large Stokes shifts. Suitable examples 
Include bis- and trisphenanthroline complexes and bis- and trisblpyridyl complexes of transition metals 
such as ruthenium (see Juris. A.. Babani, V.. et. al. Coord. Chem. Rev., V. 84. p. 85-277. 1988). 
Preferred examples display efficient fluorescence (reasonably high quantum yields) as well as low 
reorganization energies. These include Ru(4.7-biphenyl,-phenanthroline)3=*, Ru(4.4'-diphenyl-2.2'- 
bipyridine)3^* and platinum complexes (see Cummings etal., J. Am. Chem. Soc. 118:1949-1960 
(1996), incorporated by reference). Alternatively, a reduction in fluorescence associated with 
hybridization can be measured using these systems. 

In a further embodiment, electrochemiluminescence is used as the basis of the electron transfer 
detection. With some ETMs such as Ru^(bpy)3, direct luminescence accompanies excited state 
decay. Changes in this property are associated with nucleic acid hybridization and can be monitored 
with a simple photomultiplier tube arrangement (see Blackburn. G. F. Clin. Chem. 37: 1534-1539 
(1991); and Juris et al., supra. 
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In a preferred embodiment, electronic detection is used, including amperommetry. voltammetry, 
capacitance, and impedence. Suitable techniques include, but are not limited to. electrogravimetry; 
coulometry (including controlled potential coulometry and constant current coulometiy); voltametry' 
(cyclic voltametry. pulse voltametry (normal pulse voltametry. square wave voltametiy, differential 
pulse voltametry. Osteryoung square wave voltametry. and coutostatc pulse techniques); stripping 
analysis (aniodic stripping analysis, cathiodic stripping analysis, square wave stripping voltammetry); 
conductance measurements (electrolytic conductance, direct analysis); time-dependent 
electrochemical analyses (chronoamperometry. chronopotentiometry. cyclic chronopotentiometry and 
amperometry. AC polography, chronogalvametry, and chronocoulometry); AC impedance 
measurement capacitance measurement; AC voltametry; and photoelectrochemistry. 

30 In a preferred embodiment, monitoring electron transfer is via amperometric detection. This method of 
detection involves applying a potential (as compared to a separate reference electrode) between the 
nucleic acid^njugated electrode and a reference (counter) electrode in the sample containing target 
genes of interest. Electron transfer of differing efficiencies is induced in samples in the presence or ' 
absence of target nucleic acid; that is. the presence or absence of the target nucleic acid, and thus the 

35 label probe, can result in different currents. 
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The device for measuring electron transfer amperometncally involv s sensitive current d tection and 
indudesameans of controlling the voltage potential, usually a potentiostat. This voltage is optimiz d 
with reference to the potential of the electron donating complex on the label probe. Possible electron 
donating complexes include those previously mentioned with complexes of iron, osmium, platinum 
cobalt, rhenium and ruthenium being preferred and complexes of iron being most preferred. 

In a preferred embodiment alternative electron detection modes are utilized. For example 
potentiometric (or voltammetric) measurements involve non-faradaic (no net current flow) processes 
and are utilized traditionally in pH and other ion detectors. Similar sensors are used to monitor 
electron transfer between the ETM and the electrode. In addition, other preperties of insulators (such 
as resistance) and of conductors (such as conductivity, impedance and capicitance) could be used to 
monitor electron transfer between ETWI and the electrode. Finally, any system that generates a 
current (such as electron transfer) also generates a small magnetic field, which may be monitored in 
some embodiments. 

It should be understood that one benefit of the fast rates of electron transfer observed in the 
compositions of the invention is that time resolution can greatiy enhance the signako-noise resute of 
monitors based on absorbance. fluorescence and electronic current. The fast rates of electron 
transfer of the present invention result both in high signals and stereotyped delays between electron 
transfer initiation and comptetion. By amplifying signals of particular delays, such as through the use 
of pulsed inttiation of electron transfer and "lock-in" amplifiers of detection, and Fourier transfbm,s. 

In a preferred embodiment electron transfer is initiated using alternating current (AC) metiiods 
Wrthout being bound by theoor, it appears that ETMs, bound to an electrode, generally respond 
similarly to an AC voltage across a drcuit containing resistors and capacitors. Basically, any methods 
Which enable the detemiination of Uie nature of these complexes, which act as a resistor and 
capacitor, can be used as the basis of detection. Surprisingly, tiaditional electrochemical ttieory such 
as exemplified in Laviron et al.. J. Electroanal. Chem. 97:135 (1979) and Laviron et al.. J. Electroanal 
Chem. 105:35 (1979). both of which are incorporated by reference, do not acourateV model ttie 
systems described herein, except for very small (less than 10 mV) and relatively large numbers of 
molecules. That is. tt,e AC current (I) is not accurately described by Laviron's equation. This may be 
due ,n part to the fact that this theory assumes an unlimited source and sink of electrons, which is not 
true in the present systems. 

The AC voltamebv theory that models these systems well is outlined in O'Connor et al. , J. Electroanal 
Chem 466(2):197-202 (1999). hereby expressly incorporated by reference. The equation tiiat 
predicts these systems is shown below as Equation 1: 
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Equation 1 



In Equation 1 , n is the number of electrons oxidfeed or reduced per redox molecule, f is the applied 
frequency. F is Faraday's constant. is the total number of redox molecules. is the formal 
potential of the redox molecule. R is the gas constant. T is the temperature in degrees Kelvin, and E„e 
■s the electrode potential. The model fits the experimental data very well. In some cases the current is 
smaller than predicted, however this has been shown to be caused by ferrocene degradation which 
may be remedied in a number of ways. 

In addition, the faradaic current can also be expressed as a function of time, as shown in Equation 2: 

Equation 2 

I^(t)= ^e^totai^^ , dv{ t) 

2Hr(cosh[££(V(t)-s 
If is the Faradaic cunrent and q, is the elementary charge. 

However. Equation 1 does not incorporate the effect of electron transfer rate nor of instrument factors 
Electron transfer rate is important when the rate is close to or lower than the applied frequency Thus 
the true should be a function of ail three, as depicted in Equation 3. 

Equation 3 

Iac = f(Nemst factors)f(kET)f(instmment factors) 

These equations can be used to model and predict the expected AC currents in systems which use 
input signals comprising both AC and DC components. As outlined above, traditional theory 
surpnsingly does not model these systems at all. except for very low voltages. 

In general, non-specifically bound label probes/ETMs show differences in impedance (i e higher 
impedances) than when the bbel probes containing the ETMs are specffically bound in the correct ' 
onentation. In a preferred embodiment, the non-specifically bound material is washed away resulting 
in an effective impedance of infinity. Thus. AC detection gives several advantages as is generally 
discussed below, including an increase in sensitivity, and the ability to -filter ouf background noise In 
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particular, changes in impedance (including, for example h..ikimn<^ . u 

bindinn «f PTM . • . example, bulk impedance) as between non-specific 

binding of ETM-containing probes and target-specific assay complex formation may be monitored. 

According^, when using AC initiation and detection methods, the frequency response of the system 
changesasaresultofthepresenceoftheETM.By"fr^^^^^^^ 

«on Of Signals as a result of elect«,n transfer between the electrode and the ETM This 

one or more frequencies, phase shifts. DC offset voltages, faradaic impedance, etc. 

once the assay complex including the target sequence and label p.be is made, a fi.t input electrical 

c^.plexesothe.nventon)andthecounterelectrode.to 

2-^ean the ^. Threeelectrodesystemsmayalsobe used. With the voltage appJX 
ef^renceandworKingelectrodes. The first input signal comprises at least an AC Iponent TheAC 

bto?r. ^-'^fro-boutiomv to about 800mV 

beingpref.rred.andfromabout10mVtoabout500mVbeingespeciallypreferred TheAC 
requen^ ranges from about 0.01 Hz to about 100 MHz. with from about 1 0 Hz to about 1 0 MHz b«ng 
P^ferred, and from about 100 Hz to about 20 MHz being especially preferred. 

Theuseofcombina«onsofACandDCsignafeg.esav^^^^^ 

sensitivity and signal maximization. ^ 
transfer between the electrode and the ETM. 
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For defined systems, it may be sufficient to apply a single input signal to d«iate between the 
presence and absence of the ETM (i.e. the presence of the target s quence) nucleic acid 
Mernatively. a plurality of input signals are applied. As outlined herein, this may take a variety of 
forms, .nduding using muttipie frequencies, multiple DC offset voltages, or multiple AC amplitudes or 
combinations of any or all of these. 

Thus, in a preferred embodiment, multiple DC offset voltages are used, although as outlined above 
DC vottage sweeps are preferred. This may be done at a single frequency, or at two or more ' 

frequencies . 

in a preferred embodiment, the AC ampl^de is varied. VWthout being bound by theory, i. appears that 
.ncreasing the amplitude increases the driving force. Thus, higher amplitudes, which result in higher 
overpotenfels give faster rates of electron transfer. Thus, generally, the same system gives an 

.mproved response (i.e. higher output signals)at any Single frequency through the use Of higher 
overpoten«a.s at that frequency. Thus, the amplitude may be increased at high frequencies to 

.ncreasetherateofelectrontrBnsferthroughthesystem.resu.tngingreatersen..^vit^^ Inaddition 
this may be used, for example, to induce responses in slower systems such as those that do not ' 

possess optimal spacing configurations. 

in a preferred embodiment measurements of the system are taken at at least two separate amplitudes 
or overpotentials. with measurements at a plurality of amplitudes being preferred. As noted above 
Changes in response as a result of changes in amplitude may form the basis of identification ' 
cahbration and quantffication of the system. ,n addition, one or more AC frequencies can be used as 

inapreferred embodiment the AC frequency is varied. At different frequencies, different molecu^ 
respond .n dWerent ways. As will be appredated by those in the art. increasing the frequency 
generally increases the output current However, when the frequency is greater than the r^te at which 
electrons may travel between the electrode and the ETM, higher frequencies result in a loss or 
decrease of output signal. At some point the frequency will be greater than the rate of electron 
transfer between the ETM and the electrode, and then the output signal will also drop. 

jnoneembodimentdetecfionufilfeesasingtemeasurementofoutputs^nalatasinglefr^ • 
That ,s. thefrequency response of the system in the absence of target sequence, and thus the 
absence of label probe containing ETMs. can be previously determined to be very low at a particular 
h.g frequency. Using this infom««on. any response at a particular frequency, will show the presence 
Of the assay complex. That is, any response at a particular frequency is characteristic of the assay 
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complex. Thus, it may only be necessary to use a single input high frequ ncy, and any changes in 
frequency response is an indication that the ETM is present, and thus that the target sequ nee is 
present. 

In addiUon, the use of AC techniques allows the significant reduction of background signals at any 
single frequency due to entitles other than the ETMs, i.e. "locking out" or "filtering" unwanted signals. 
That is. the frequency response of a charge canier or redox active molecule in solution will be limited 
by its diffusion coefficient and charge transfer coefficient. Accordingly, at high frequencies, a charge 
carrier may not diffuse rapidly enough to transfer Its charge to the electrode, and/or the charge transfer 
kineOcs may not be fast enough. This is particularly significant in embodiments that do not have good 
monolayers, i.e. have partial or insufficient monolayers, i.e. where the solvent is accessible to the 
electrode. As outlined above, in DC techniques, the presence of "holes" where the electrode is 
accessible to the solvent can result in solvent charge carriers "short circuiting" the system, i.e. the 
reach the electrode and generate background signal. However, using the present AC techniques, one 
or more frequencies can be chosen that prevent a frequency response of one or more charge earners 
in solution, whether or not a monolayer is present. This is particularly significant since many biological 
fluids such as blood contain significant amounts of redox active molecules which can interfere with 
amperometric detection methods. 

In a prefen-ed embodiment, measurements of the system are taken at at least two separate 
frequencies, with measurements at a plurality of frequencies being preferred. A plurality of 
frequencies includes a scan. For example, measuring the output signal, e.g.. the AC current, at a low 
input frequency such as 1 - 20 Hz. and comparing the response to the output signal at high frequency 
such as 10 * 100 kHz will show a frequency response difference between the presence and absence 
of the ETM. In a preferred embodiment, the frequency response is determined at atJeast two, 
preferably at least about five, and more preferably at least about ten frequencies. 

After transmitting the input signal to initiate electron transfer, an output signal is received or detected. 
The presence and magnitude of the output signal will depend on a number effectors, including the 
overpotential/amplitude of the input signal; the frequency of the input AC signal; the composition of the 
intervening medium; the DC offeet; the environment of the system; the nature of the ETM; the solvent; 
and the type and concentration of salt. At a given input signal, the presence and magnitude of the 
output signal will depend in general on the presence or absence of the ETM, the placement and 
distance of the ETM from the surface of the monolayer and the character of the input signal. In some 
embodiments, it may be possible to distinguish between non-specific binding of label probes and the 
formation of target specific assay complexes containing label probes, on the basis of impedance. 
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In a preferred err,bodiment. th output signal comprises an AC current. As outlined atx)ve. the 
magnitude of tt,e output current will dep nd on a numl^r of parameters. By varying these parameters, 

the system may be optimized in a number of ways. 

In general. AC currents generated in the present invention range from about 1 femptoamp to about 1 
milhamp. with currents from about 50 femptoamps to about 100 microamps being preferred, and from 
about 1 picoamp to about 1 microamp being especially preferred. 

in a preferred embodiment, the output signal Is phase shifted in the AC component relative to the Input 
signal. Without being bound by theory, it appears that the systems of the present invention may be 
sufficiently uniform to allow phase-shifLng based detection. That is. the complex blomolecules of the 
invention through which electron transfer occurs react to the AC input in a homogeneous manner 
s.m,lar to standard electronic components, such that a phase shift can be detemiined. This may serve 
as the basis of detection between the presence and absence of the ETM. and/or differences between 
the presence of target-specific assay complexes comprising label probes and non-specific binding of 
the label probes to the system components. 

The output signal is characteristic of the presence of the ETM; that is. the output signal is 
characterrstic of the presence of the target-specffic assay complex comprising label probes and ETMs 
In a preferred embodiment, the basis of the detection is a difference in the faradaic impedance of the ' 
system as a result of the fomiation of the assay complex. Faradaic impedance is the impedance of 
the system between the electrode and the ETM. Faradaic impedance is qurte different frx^m the bulk 
or drelectric impedance, which is the impedance of the bulk solution between the electrodes Many 
factors may change the faradaic impedance which may not effect the bulk impedance, and vice versa 
Thus, the assay complexes comprising the nucleic acids in this system have a certain laradafc 
.mpedance. that will depend on the distance between the ETM and the electrode, their electronic 
properties, and the composition of the intervening medium, among other things. Of importance in the 
methods of the invention is that the faradaic impedance between the ETM and the electrode is 
s.gnficantly different depending on whether the label probes containing the ETMs are specifical^ or 
non-specifically bound to the electrode. 

Aax,rdingly. the present invention further provides electronic devices or apparatus for the detection of 
anaiytes using the compositions of the invention. The apparatus includes a test chamber for reviving ' 
a sample solution which has at least a first measuring or sample electrode, and a second measuring 
or counter electrode. Three electrode systems are also useful. The first and second measuring 
electiodes are in contact witt, a test sample receMng region, such that in the presence of a liquid test 
sampte, the two electrophoresis electrodes may be in electrical contact 
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.n a preferred embodiment, the apparatus also ir,c,udes detection electrodes comprising a single 
stranded nucleic acid captur probe covalently attached via an attachment .inker, and a monolayer 
compnsing conductive oligomers, such as are described herein. 

The apparatus further comprises an AC voltage source electrically connected to the test chamber that 
.s, to the measuring electrodes. Preferably, the AC voltage source is capable of delivering DC offset 

voltage as well. 

in a preferred embodiment, the apparatus further comprises a processor capable of comparing the 
mput Signal and the output signal. The processor is coupled to the electrodes and configured to 
receive an output signal, and thus detect the presence of the target nucleic add. 

Thus, the compositions of the present invention may be used in a variety of research, clinical, quality 

control, or field testing settings. 

in a preferred embodiment, the probes are used in genetic diagnosis. For example, probes can be 
made using the techniques disclosed herein to detect target sequences such as the gene for 
nonpolyposis colon cancer, the BRCA1 breast cancer gene, P53. which is a gene associated wtth a 
vanety of cancers, the Apo E4 gene that indicates a greater risk of Akheime^s disease, allowing for 
easy presymptomatic screening of patents, mutations in the cystic fibrosis gene, or any of the others 
well known in the art. 

ir, an addftional embodiment, .ral and bacterial detection is done using the complexes of the 
■nventon. t^is embodiment, probes are designed to detect target sequences from a variety of 
^cteria and viruses. For example, current blood-screening techniques rely on the detection of anti- 
HIV bodies^The methods disclosed herein al^ 

HIV ucleic acd sequences, particulariy highly consented HIV sequences. In addition, this allows 

oZrTr°'^ 

of anti-viraltherapies. Similarly, viruses associated wrth leukemia. HTLV-I and HTLV-II may be 
etected in this way. Bacterial infections such as tuberculosis, clymidia and other sexually transmitted 

diseases, may also be detected. 

in a preferred embodiment, the nucleic acids of the invention find use as probes for toxic bacteria in ' 
the screening of water and food samples. For example, samples may be treated to lyse the bacteria 
0 release its nucleic acid, and then probes designed to recogn.e bacteria, strains, including, but not 
limited to. such pathogenic strains as. Salmonella, Campylotacter, ViMo cholerae, Leist,mnia 
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enterotoxic strains of £ coli, and Legionnaire's dis ase bacteria. Similarty, bioremediation strategies 
may be evaluated using tlie compositions of the invention. 

In a further embodiment, the probes are used for forensic "DNA fingerprinting" to match crime-scene 
DNA against samples taken firom victims and suspects. 

In an additional embodiment, the probes in an array are used for sequencing by hybridization. 

Thus, the present invention provides for extremely specific and sensitive probes, which may, in some 
embodiments, detect target sequences without removal of unhybridized probe. This will be useful in 
the generation of automated gene probe assays. 

Alternatively, the compositions of the invention are useful to detect successful gene amplification in 
PCR, thus allowing successful PGR reactions to be an indication of the presence or absence of a 
target sequence. PCR may be used in this manner in several ways. For example, in one 
embodiment, the PCR reaction is done as is known in the art and then added to a composition of the 
invention comprising the target nucleic acid with a ETM, covalently attached to an electrode via a 
conductive oligomer with subsequent detection of the target sequence. Altematively , PCR is done 
using nucleotides labelled with a ETM. either in the presence of, or with subsequent addition to. an 
electrode witti a conductive oligomer and a target nucleic acid. Binding of the PCR product containing 
ETMs to the electrode composition will allow detection via electron transfer. Finally, the nucleic acid 
attached to the electrode via a conductive polymer may be one PCR primer, witti addition of a second 
primer labelled witti an ETM. Elongation results in double stranded nucleic acid with a ETM 
and electrode covalently attached. In this way, tiie present invention is used for PCR detection of 
target sequences. 

In a prefen-ed embodiment, the arrays are used for mRNA detection. A preferred embodiment utilizes 
either capture probes or capture extender probes Uiat hybridize close to the 3' polyadenylation tail of 
ttie mRNAs. This allows the use of one species of target binding probe for detection, i.e. the probe 
contains a poly-T portion that will bind to the poly-A tail of the mRNA target. Generally, the probe will 
contain a second portion, preferably non-poly-T. that will bind to ttie detection probe (or other probe). 
This allows one target-binding probe to be made, and thus decreases ttie amount of different probe 
synttiesis ttiat is done. 

In a preferred embodiment, the use of restriction enzymes and ligation methods allows the creation of 
"universal" arrays. In tills embodiment, monolayers comprising capture probes ttiat comprise 
restriction endonuclease ends, as is generally depicted in Figure 6. By utilizing complementary • 
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sputtered and evaporated gold. Electroplated nickel Is usually employed with electroplated and 
electroless gold, however other adhesion materials can be used. 

The gold substrat Is cleaned prior to monolayer formation. A variety of different procedures have 
been emptoyed. Cleaning with a chemical solution is the mos, prevalent. Piranha solution (hydrogen 
perox.de/su.uric acid) or aqua regia cleaning (Hydrochloric acid/ Nitric acid) is most prevalent 
however electrochemical methods, flame treatmentand plasma methods have also been employed. 

Following cleaning, the gold substrate is incubated in a deposiCon solution. The deposition solution 
cons.s s Of a mixture of various thiote in a soh^ent. A mbcture of alkane thiols in an organic solvent like 
ethanol ,s tiie most prevalent procedure, however numemus variations have been developed 
Memative procedures involve gas phase deposition of the alkane thiol, microcontact printing' 
deposition using neat thiol, deposition from aqueous solvent and two step procedures have been 
developed. The concentration of the alkane thiol in ti,e deposition solution ranges from molar to 
submicromolar range witt, 0.5-2.0 miilimolar being the most prevalent. The gold substrate is 
mcubated/placed in contact with the deposition solution for less than a second to days depending on 
the procedure. The most common time is 1hr to overnight incubation. The incubation is usual^ 
performed at room temperature, however temperatures up to SO'C are common. 

M«ed rnonolayers that contain DNA are usually prepared using a two step procedure. The thiolated 
DMA .s deposited during the first deposrtion step and the mixed monolayer formation is completed 
dunng the second step in which a second thiol solution minus DNA is added. The second step 
frequently involves mild heating to promote monolayer reorganization. 

general Procedure for SAM <Pmr.atinn-nPDo..iteri fr.m n^ ^^^p o-,„tjnn 
A Clean gold surface was placed into a clean vial. A DNA deposition solution in organic solvent was 
prepared in which the total thiol concentration was between 400 uM and 1.0 mM. The deposition 
solution contained thiol modified DNA and thiol diluent molecules. The ratio of DNA to diluent was 
usua y between 10:1 and 1:10 with 1:1 being preferred. The preferred solvents are tetrahyd^furan 
(THF . aoetonrtrile. dimethylforamide (DMF) or mixtures ti^ereof. Sufficient DNA deposition solution is 
added to tt,e vial so as to complete^, cover the electrode surface. The gold subst,B.e is allowed to 
.ncubate at ambient temperature or slightly above ambient temperature for 5-30 minutes. After the 
.nitial .ncubation. the deposion solution is removed and a solution of diluent molecule on^ (100 m 
-1 .0 mM) .n organic soVent is added. The gold substrate is allowed to incubate at room temperature 
or above room temperature until a complete monolayer is fom,ed (10 minutes-24 hours). The gold 
sample is removed from the solution, rinsed in clean solvent and used. 
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Gen ral Procedure for SAM formatinn-rip pn sjted from Af,„ o ous Snhitinn 
A clean gold surface Is placed into a clean vial. A DNA deposilion solution in water is prepared in 
which the total thiol concentration is between 1 uM and 200 uM. The aqueous solution frequenti/ has 
salt present (approximately 1M). however pure water can be used. The deposition solution contains 
thiol modified DNA and often a thiol diluent molecule. The ratio of DNA to diluent is usually between 
10:1 and 1:10 with 1:1 being preferred. The DNA deposition solution is added to the vial in such a 
volume so as to completely cover the electrode surface. The gold substrate is allowed to incubate at 
ambient temperature or slightly above ambient temperature for 1-30 minutes with 5 minutes usually 
being sufficient After the initial incubation, the deposition solution is removed and a solution of diluent 
molecule only (10 uM -1.0 mlW) in either water or organic solvent is added. The gold substrate is 
allowed to incubate at room temperature or above room temperature until a complete monolayer is 
fomied (10 minutes-24 hours). The gold sample is removed from the solution, rinsed in clean solvent 
and used. 

MonolavB rs on Au Ball ElBctrodas 

Creating Am PfillFMMPs- use a razor blade to cut 10 cm lengths of gold wire (127 m diameter. 
99.99% pure; e.g. from Aldrich). Use a 16 gauge needle to pass the wire through a #4 natural rubber 
septum (of the size to fit over a % mL PCR eppendorf tube). (This serves to support the wire and seal 
the tubes during deposition. See below.) Use a clean-buming flame (methane or propane) to melt 
one centimeter of the wire and form a sphere attached to the wire temiinus. Adjust the wire length 
such that when seated in a PCR tube the gold ball would be positioned near the bottom, able to be 
submerged in 20 pL of liquid. On the day of use, dip the electrodes in aqua regia (4:3:1 
H20:HCI:HN03) for 20 seconds and then rinse thoroughly with water. 

Q^wmmw For 5 minutes, heat 20 \il aliquots of deposition solutions (2:2:1 DN/'.'HS/IVM4 at 833 
m total in DMF) in PCR tubes on a PCR block at 50<"C. Then put each electrode into a tube of 
deposition solution (submerging just the gold ball - as little of the wire "stem" as possible) and 
remove to room temperature. Incubate for fifteen minutes before transferring the electrodes into PCR 
tubes with 200 ML of 400 ^ M44 in DMF (submerging much of the wire stem as well). Let sit in M44 
at room temperature for 5 minutes, then put on the PCR block and run HCLONG. Take electrodes out 
of the M44 solution, dip In 6x SSC. and place in PCR tubes with 20 pL of hybridizatbn solution. Dip 
electrodes in 6x SSC prror to ACV measurement. 

HCLONG: 65X 2\ -0.3°C/s to 40°C. 40°C 2-. +0.3°C/s to SS-C, 55°C 2', -0.3°C/s to SO'C, SOX 
2'. +0.3°C/s to 35°C, SSX 2', -CS-C/s to 22°C 

Manufacture of Circuit Rnarric 
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m ro.nches) to make the specified d.^^^^^^^ 

specficatons v,a cupric chloride etching (acid etching). The etched panel is then pteted with 400 
m,cro.nches of eiectropiated nickel wfth brightner followed by 50 microinches of soft gold (99 99o. 
punty). The gold panel is coated with liquid photoimagable soWer .ask (P.bimer 52, Ciba^eigy 
CO on ot^ s.des of the pane,. The imaging is done according to specifica«ons. 14 sensor electLes 
that are 2 0 m.ron in diameter and 2 larger electrodes (500 microns in diameter) a,, created with 

su.ated.ads leading togold Plated .^^^^^ 
th n scored acco«,ing to specifk^tions to create indMdua. wafers that are r x r. A silverJver 
c londe paste is applied to one of the two larger electrodes (ERCON R-414). The panel is then 

Monolayer nfiPosifi»n np r:r^.-^ p^^^. 

•n» 0ta« boarts are „™„ve<. tan the (oiHhM bass a« ,„ a ,o« sd«,«= ^ 

zrz 7 ^'*'*"'"''"^'°"™*'^'°^°•°'"'^■'*>"»""«"«»«<^"' 
-^ ^.ha 4 a^. T.. DNA *po*„ s««.„ o„„.a.s „ 33 „M «^ DNA. 33 UM 2« 

P^y.e«y^a„.,H6,a„.,e«M«.axSSC,™™»..„,.^,»™Ms«.„ 

C«a.p„r,„n%™a*w»*».™e»„p.,„^ba.«a,„o„»^.^5„,„^a„.,b» 

^*^,s,a™va.b,«„g,„aM,Mwa,e,baaT.aboa*a«^™,s«..a«Xb«^ 

»«».*fc^a.by,-Owa»,ba,^^30aac»*,Tbaboa«aa„.^„^,as«a.., 



Example 2 
Detection nf Target Q^^,,pnp^^ 
Monplayer Dpnosition np rimn,* p^^r^l" 

M»0«arba«sfcr,^„,aeacb. T»=lx»*we.^*ad „de,as^a™o,„«^a„ ^ 
b.^^»a.p,a=a.<»,aX-YBb.,„ahu««ycbambara„.a30„a„.^d™po,DNAlpo,*l 
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gh.col)(HS-CH,)„-(OCH,CH,)3-OH) in 6x SSC (900 mM sodium chloride. 90 mM sodium Citrate. pH 7) 
w/1% Tnethylamine. 3 electrodes were spotted with a solution containing DNA 1 (5- 
ACCATGGACACAGAT(CH,)„SH-3-). 4 electrodes were spotted with a solution containing DNA 2 
(5TCATTGATGGTCTCTTTTAACA((CH,),eSH-3'). 4 electrodes were spotted with DNA 3 
(5-CACAGTGGGGGGACATCAAGCAGCCATGCAAA(CH,)„SH-3-). 3 electrodes were spotted w«h 
DNA 4 (5--TGTGCAGTTGACGTGGAT{CH,)„SH-3-). The deposition solution was allowed to incubate 
at room temperature for 5 minutes and then the drop was removed by rinsing in a Milli-Q water bath 
The boards were immersed in a 45'C bath of M44 in acetonrtrile. After 30 minutes, the boards were 
removed and immersed in an acetonitrile bath for 30 seconds followed by a milli-Q water bath for 30 
seconds. The boards were dried under a stream of nitrogen and stored in foiled-lined bags flushed 
with nitrogen until use. 

Hybridization and Mpacs.,riafytan| 

The modified boards were removed from the foil-lined bags and fitted with an injection molded sample 
Chamber (cartridge). The chamber was adhered to the board using double-sided sticky tape and had 
a total volume of 250 microliters. A hybridization solution was prepared. The solution contains 10 nM 
DNA target (5'-TGTGCAGTTGACGTGGATTGTTAAAAGAGACCATCAATGAGGAAGCTGCA 
GAATGGGATAGAGTCATCCAGT-3- (D-998). 30 nM signaling probe (D-1055) and 10 nm S'- 
TCTACAG(N6)C(N6)ATCTGTGTCCATGGT-3- {N6 is shown in Figure ID of PCTUS99/01705- it 
comprises a ferrocene connected by a 4 carton chain to the 2' oxygen of the ribose of a nucleoside) 
The signalling probe is as follows: 

5--(C23),-N87-N87-N87-N87-ATC CAC GTC AAC TGC ACA-3' (D- 1055) 

C23 C23 C23C23 
C23 C23 C23 C23 
C23 C23 C23 C23 
C23 C23 C23 C23 

N87 is a branch point comprising a ring structure. C23 is shown in Figure 1 F of PCTUS99/01 705 
In a solution containing 25% Qiagen lysis buffer AL. 455 mM NaCIO,. 195 mM NaCI 1 0 mM 
mercaptohexanol and 10% fetal calf serum. 250 microliters of hybrid solution was injected into the 
cartndge and allowed to hybridize for 12 hours. After 12 hours, the hybrid^ed chip was plugged into a 

homemade transconductanceamplrtier With switching Circuitry. The trBnsconductance amplifier was 
equipped with summing circuitry that combines a DC ramp from the computer DAQ card and an AC 
sine wave from the lock-in amplifier (SR830 Stanford Instruments). Each electrode was scanned 
sequentially and the data was saved and manipulated using a homemade program designed using 
Labvew (Nafional Instruments). The chip was scanned at between -100 mV and 500 mV (pseudo 
Ag/Ag/CI reference electrode) DC with a 25 mV (50 mV peak to peak). 1000 Hz superimposed sine 
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wave. The output current was fed into the lock-in amplifier and the 1000 Hz signal was recorded (ACV 
technique). The data for each set of pads was compiled and averaged. 





Ip 


Relative Intensity Ip 


DNA 1 (Positive 2 Fc) 


34 nA 


0.11 


DNA 2 (Positive Sandwich Assay) 


218 nA 


07 


DNA 3 (Negative) 


0.3 nA 


0.001 


DNA 4 (Positive Sandwich Assay) 


317 nA 


1 



The results are shown in Figure 14. 
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CLAIMS 

We claim: 

1 . A method of detecting a target analyte in a sample comprising: 

a) concentrating said target analyte in a detection chamber comprising a detection electrode 
comprising a covalently attached capture ligand; 

b) binding said target analyte to said capture ligand to form an assay complex, wherein said 
assay complex further comprises at least one electron transfer moiety (ETM); and 

c) detecting the presence of said ETM using said detection electrode. 

2. A method according to cteim 1 wherein said concentrating is done by placing said sample in an 
electric field between at least a first electrode and at least a second electrode sufficient to cause 
electrophoretic transport of said sample to said detection electrode. 

3. A method according to claim 2 wherein said detection electrode is a porous electrode positioned 
between said first and said second electrodes. 



4. A method according to claim 2 wherein said detection electrode is the 



same as said first electrode. 



5. A method according to daim 2 wherein said detection electrode is separate from said first or 
second electrodes. 

6. A method according to claim 4 wherein at least said first electrode comprises a permeation layer. 

7. A method according to daim 4 wherein an electroactive charge earner is used for said 
electrophoretic transport. 

8. A method according to claim 1 wherein said assay complex comprises a label probe comprising 
said ETM, and said label probe is positively charged. 

9. A method according to claim 1 wherein said concentrating comprises including at least one volume 
exclusion agent in said detection chamber. 

10. A method according to daim 1 wherein said concentrating comprises precipitating said target 
analyte. 
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Llrr^r^ to 0^ , .Here. sel. „„ce««„, ^ 

13, Ai-Mlwl^daeollnsatersetanal,!. Inasar^le comprising- 

a) »»,ins sa« sample pas, a de,e«o„ elea™* „»„p^^ , ^,„^ 

ISa under ^ ^ ^ ^ Can assa, eonpte, cnr^lslng I ,a„e, 

ana^e.ndsaldcap.,„.ga„d.w^„ea«assa,=on„e,«»r=or„pJe,a,Cr 
electron transfer moiety (ETM); and esaiieastone 

c) detecting the presence of said ETM using said detection electrode. 

15, A method according to claim 14 wherein said detection electrode comprises weirs. 

1 7. A method of detecting a target nucleic add sequence in a sample comprising- 

a) .ndi,^, or dir.c«y hybrid^ing said target sequence to a capture probe covalently attached 

t^adete^onelec^odetoform. assay complex, whereinsaldassaycom^ 
he resen.ofahybridiza«onaccelera^ 

least one electron transfer moiety (ETM); and 

c) detecting the presence of said ETM using said detection electrode. 

I^Amethod according toc,aim7wher^^^ 

19. A method according to claim 7 wherein said hybrid.a«on accelerator is a polyvalent ion. 

20. A method of detecting a target analyte in a sample comprising- 

a) adding S3, sample to a detecdon electrode comprising a covalently attached capture 
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analyte and said capture ligand. wherein said conditbr,s include the presence f mixing 
parades, wherein said assay complex further comprises at least one electron transfer moiety 

b) detecting the presence of said ETM using said d tection electrode. 

21 A substrate comprising a plurality of gold electrodes each comprising: 

a) a self-assembled monolayer; 

b) a capture ligand; and 

c) an interconnect such that each electrode is independently addressable. 

22. A substrate according to claim 21 wherein said substrate is a printed circuit board material. 

23. A substrate according to claim 22 wherein said printed circuit board material is fiberglass. 

24. A substrate according to claim 21 wherein said substrate is plastic. 

25. A method of making a substrate comprising a plurality of gold electrodes comprising- 

a) coating an adhesion metal onto a fiberglass substrate; 

b) coating gold onto said adhesion metal; and 



2r A method according to claim 26 wherein said SAM «,mprfees a species comprising a capture 

28. A method according to claim 26 wherein said SAM is added using an aqueous deposition step. 

29. A method of making a substrate comprising a piuralrty of gold electrodes comprising- 

a) coating an adhesion metal onto said substrate; 

b) coating gold onto said adhesion metal; 

c) forming a pattern comprising said plural^ of electrodes and associated interconnects using 
photolithography; ^ 

d) adding a self-assembled monolayer (SAM) comprising a captura ligand to each electrode. 
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30. A method according to claim 29 wherein said SAIVI is added using an aqueous deposition step. 
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<^22J2^5^ = FIRST HYBRIDIZABLE PORTION OF LABEL PROBE 
= RECRUITMENT LINKER 



(ETM)n (ETM)n 

(NUCLEIC ACID) 

' ' ; ^ 

ETM ETM ETM METALLOCENE 

(METALLOCENE)n 



A= NUCLEOSIDE REPLACEMENT 
B = ATTACHMENT TO A BASE 
C = ATTACHEMENTTO A RIBOSE 
D = ATTACHMENT TO A PHOSPHATE 



E = METALLOCENE POLYMER, ATTACHED 
TO A RIBOSE, PHOSPHATE, OR BASE 

F= DENDRIMER STRUCTURE, ATTACHED 
VIA A RIBOSE, PHOSPHATE OR BASE 



FIG, 
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G = ATTACHMENT VIA A "BRANCHING 
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